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ELECTROLUMINESCENT DEVICE 

The present invention relates to organo-eiectroluminescent (EL) devices, in particular EL 
devices that comprise durable, blue-emitting organo-electrouminescent layers. The organo- 
5 electroluminescent layers comprise certain organic compounds containing one or more 
pyrimidine moieties. 

Progress has been made towards developing organic-based electroluminescent devices 
suitable for full color displays. Generally, an EL device is comprised of a light-emitting layer 
10 or layers and a pair of facing electrodes sandwiching the light-emitting layer(s). Application 
of an electric field between the electrodes results in the injection of electrons and holes to the 
system, resulting in the release of energy as light. 

However, organo EL devices have not been developed that have suitable stability under 
1 5 continuous operation* In particular, there remains a need for blue-emitting, stable organo EL 
devices. 

U.S. Pat. No. 5,104,740 teaches an electroluminescent element that comprises a fluorescent 
layer containing a coumarinic or azacoumarinic derivative and a hole transport layer, both 
20 made of organic compounds and laminated on top of the other. 

U.S. Pat. No. 6,280,859 discloses certain polyaromatic organic compounds for use as a light- 
emitting material in organo-eiectroluminescent devices. 

25 U.S. Pat. No. 5,1 16,708 is aimed at a hole transport material for EL devices. 

WO98/04007 and EP-A-1013740 relate to an electroluminescent arrangement with the 
electron-conducting layer containing one or more compounds comprising triazine as basic 
substance. 



30 



EP-A-1013740 discloses the use of triazine compounds in EL devices. 
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EP-A-1 .202,608 discloses EL devices comprising a carbazole compound of formula 
R 




which constitutes the hole transporting layer. 



5 JP2002324678 relates to light emitting elements comprising at least one kind of compound of 
Ar" 

32 31 ' 21 22 

formula ^ -Ar— Ar-Ar-Ar ^ wherein 

Ar^\ Ai^^ and Ar^^ denote arylene groups, Ar^^. Ar^ and Ar^^ denote substituents or hydrogen 
atoms, wherein at least one of Ar^\ Ar^\ Ar^\ Ar^^ Ar^ and Ar^^ is either a condensed ring 
aryl structure or a condensed ring heteroaryl structure; Ar denotes an arylene group or a 
10 heteroarylene group; and at least one amine derivative having a condensed ring group with 
two or more rings are contained in a luminous layer. As examples of compounds of the 
above formula, wherein Ar denotes a heteroarylene group the following two compounds are 
explicitly mentioned: 




15 

WO02/02714 relates to electroluminescent iridium compounds with fluorinated 
phenylpyridines, phenylpyrimidines, and phenylquinolines and devices made with such 
compounds. 
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US-A-5,770,108 describes liquid crystal compositions comprising pyrimidine compounds of 

O 

/=< /)— IL-oaikyl 




the following formula , wherein Y is alkyi or -O-alkyI and 

liquid crystal element comprising said composition. 

WO01/05863 relates to EL devices comprising arylamine-substituted poly(arylene vinylenes). 



of 

H3C- (CH2)rH^^r^— 



JP2000347432 describes the use 

N=\ /=\ O 



or 



in EL devices. 



EP-A-926216 relates to EL devices using triaryl amine compounds, such as 




EP-A-690 053 relates to the use of conjugated compounds containing two or more pyrimidine 
rings, which are part of the conjugated system, as electroluminescent materials. The 
conjugated compounds described in EP-A-690 053 comprise pyrimidin-2,5-diyl groups which 
do not carry substituents at positions 4 and 6. 

EP-A-563009 relates to EL devices comprising 



OMe 




H3C N=/ \= 



OMe 



as light emitting material. 



wo 2004/039786 



CT/EP2003/011637 



US-A-5,077,142 relates to EL devices comprising a number of organic compounds as light 



emitting material. A pyrimldine moiety, 
possible organic compounds. 




, is listed among a long list of 



It is the object of the present invention to provide a light emitting element with excellent light 
emitting characteristics and durability. 
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Certain-organic compounds containing one or more pyrimidine moieties are found to be 
suitable for use in organo-electroluminescent devices. In particular, certain pyrimidine 
derivatives are suitable blue emitters with good durability. 



15 



The present invention is aimed at an electroluminescent device comprising an organic light- 
emitting layer that contains at least one blue-emitting organic compound containing one or 
more pyrimidine moieties. 

Accordingly the present invention relates to an electroluminescent device comprising an 
anode, a cathode and one or a plurality of organic compound layers sandwiched 
therebetween, in which said organic compound layers comprise an organic compound 
containing one ore more pyrimidine moieties: 



20 




25 



For w^^\e, the present organic compounds comprise one, two, three or more pyrimidine 
moieties, including oligomers. It is understood that the open valences in the pyrimidine 
moiety represents a covalent bond that is not limited in its substitution. 



In gener aLJhe organic compound or compounds emit light below about 520 nm, in particular 
between about 380 nm and about 520 nm. 
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The organic compound or compounds have especially a NTSC coordinate of between about 
(0.12, 0.05) and about (0.16, 0-10), more especially a NTSC coordinate of about (0.14, 0.08). 



The organic compound or compounds have a melting point above about 150^0, preferably 
above about 200''C and most preferred above about 250^C. 

For example, the organic compound is a pyrimidine compound of formula 

X 

^ (I), wherein 

V is Ce-Caoaryl or C2-C3oheteroaryl, which can be substituted or unsubstituted, in particular 




^ V 

10 ^ , H, Ci-CisalkyI; Ci-CisalkyI which is substituted by E and/or interrupted by D; 

C2-Ci8alkenyl, Cz-Cisalkenyl which is substituted by E and/or interrupted by D; C2-Ci8alkynyl; 
C2-Ci8alkynyl which is substituted by E and/or interrupted by D; Ci-Cisalkoxy; Ci-Ci8alkoxy 
which is substituted by E and/ or in terropted by D; -SR®; -NR^P.^; 

W is Ce-Caoaryl or C2-C3oheteroaryl, which can be substituted or unsubstituted, in particular 




5 

15 ^ . H, Ci-Ci8alkyl; d-Cisalkyl which is substituted by E and/or interrupted by D; 

C2-Ci8alkenyl, Ca-Ciaalkenyl which is substituted by E and/or interrupted by D; Ca-Ciealkynyl; 
C2"Ci8alkynyl which is substituted by E and/or interrupted by D; Ci-Ciaalkoxy; d-Ciaalkoxy 
which is substituted by E and/or interrupted by D; -SR^; -NR^R^; 

Y is Ce-Caoaryl or C2-C3oheteroaryl, which can be substituted or unsubstituted, in particular 




20 ^ . H, Ci-CisalkyI; Ci-CiaalkyI which is substituted by E and/or interrupted by D; 

Ca-CiaBlkenyl. Ca-Ciaalkenyl which is substituted by E and/or mterrupted by D; C2-Ci8alkynyl; 
C2-Ciaalkynyl which is substituted by E and/or interrupted by D; CfCiealkoxy; Ci-Ciealkoxy 
which is substituted by E and/or interrupted by D; -SR^; -NR^R^; 
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X is Ce-Caoaryl or (^-Caoheteroaryl, which can be substituted or unsubstituted, in particular 

V 

, H, Ci-Ci8alkyl; Ci-CiealkyI which is substituted by E and/or interrupted by D; 
Ca-Cisalkenyl, C2-'Ciaall<enyl which is substituted by E and/or interrupted by D; Ca-Cisalkynyl; 
C2-Ci8alkynyl which is substituted by E and/or interrupted by D; Ci-Ciealkoxy; Ci-Ciaalkoxy 
which is substituted by E and/or interrupted by D; -SR^; -NR^R^; wherein the groups to V^, 

to W^, to X^and to are independently of each other H; halogen, C6-C24aryl; Ce- 
C24aryl which is substituted by G; Ci-Ci8alkyl; Ci*Ci8alkyl which is substituted by E and/or 
interrupted by D; CrCiealkylaryl; Cr-Cisalkylaryl which is substituted by E and/or interrupted 
by D; C2-Ci8alkenyl; C2-Ciaalkenyl which is substituted by E and/or interrupted by D; 

10 , wherein Ar^ is Cs-Caoaryl or C2-C3oheteroaryl, especially phenyl, Ar^ is Ce-Caoaryl 

or C2-C3oheteroaryl, especially phenyl, or H, C2-Ci8alkynyl; C2-Ci8alkynyl which is substituted 
by E and/or interrupted by D; Ci-Ciaalkoxy, Ci-Cisalkoxy which is substituted by E and/or 
interrupted by D; -SR®; -NR^R®; C2-C24hetero-aryl; C2-C24heteroaryl which is substituted by L; 
-SOR'*; 'SOzR^; -COR®; -COOR^ -CONR^R®; C4-Ci8cycloalkyl; C4-Ci8cycloalkyl which is 

15 substituted by E and/or interrupted by D; C4-Ci8cycloalkenyl; C4-Ci8cycloalkenyl which is 
substituted by E and/or interrupted by D; or 

or Y® together with V fomi a group -CRV, -CRVCRV, -C(=0)CRV. -C(=0)-. or 
-CR^=CR^-, or 




and Y^ together with V form a group 



5 anH tonoth^r uuifh \/ fnrm o nrni in H 2 2 



— C— I 9 

20 ^ ,or , 

wherein R^ is H; CrCi8alkyl, CrCisalkyI which is interrupted by-O-, Ce-Ciaaryl, Ce-Ciaaryl 
which is substituted by Ci-Ci8alkyl, or Ci-Ci8alkoxy, or 

one of the substituents V, W, X, or Y is a group of the formula -2. -Ar-Z, wherein Ar is Ce- 
C24aryl or C2-C24heteroaryl, which can be substituted, in particular 
(A')m (A')m . 2 

25 ^ , ^ , or ^ , wherein Z is a group of formula 
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one of the substituents 



to V^ to W^ to X^ or to is a group of the formula -Z\ -Ar-Z. wherein Ar is Cg- 
C24aryl or C2-C24heteroaryl, which can be substituted, in particular 




A\ and are independently of each other H; Ce-Cisaryl; Ce-Cisaryl which is substituted 
by G; Ci-CisalkyI; Ci-Ci8alkyl which is substituted by E and/or interrupted by D; C7- 
Ciaalkylaryl; Cz-Ciealkylaryl which is substituted by E and/or interrupted by D; Ca-Ciealkenyl; 

10 Ca-Ciaalkenyl which is substituted by E and/or interrupted by D; Ca-Cisalkynyl; C2-Ci8alkynyl 
which is substituted by E and/or interrupted by D; Ci-Ciealkoxy, Ci-Ci8alkoxy which is 
substituted by E and/or interrupted by D; -SR^; -NR^R®; C2-Ci8heteroaryl; C2-Ci8heteroaryl 
which is substituted by L; -SOR''; -SOaR"^; -COR®; -COOR^; -CONR^R^ C4-Ci8cyc!oalkyl; C4- 
Ci8cycloa[kyl which is substituted by E and/or interrupted by D; C4-Ci8cycloalkenyl; C4- 

15 Ciscycloalkenyl which is substituted by E and/or interrupted by D; or 

two substituents A\B\ or B^ and form a five to seven membered ring, which can be 
substituted, 

m is an integer of 1 to 4; and \N\ W^, Y\ Y^ X\ X^ V. W. X and Y are as defined above; 
D is -CO-; -COO-; -OCOO-; -S-; -SO-; -SO2S -O-; -NR®-; -SiR^R®-; -POR^-; -CR^=CR®-; or - 
20 CsC-; 

E is -OR^ -SR^; -NR^R®; -COR^ -COOR^; -CONR^R^ -CN; -OCOOR^; or halogen, especially 
F; 

G is E; K; heteroaryl; heteroaryl which is substituted by Ce-Cisaryl; Ce-Ciaaryl which is 
substituted by E and/or K; 
25 K is Ci-CiaalkyI; Ci-CisalkyI which is substituted by E and/or interrupted by D; Cz-Ciaalkylaryl 
which is substituted by E and/or interrupted by D; C2-Ci8alkenyl; Ca-Ciaalkenyl which is 
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substituted by E and/or interrupted by D; Ca-Cisalkynyl; Ca-Cisalkynyl which is substituted by 
E and/or interrupted by D; Ci-CiBall<oxy, Ci-Cisalkoxy which is substituted by E and/or 
interrupted by D; Ca-Ciscycloallcyl; C4-Ci8cycloalkyl which is substituted by E and/or 
interrupted by D; C4-Ci8cycloalkenyl; or C4-Ciecycioalkenyl which is substituted by E and/or 
5 interrupted by D; 

L is E; K;C6-Ci6aryl; or Ce-Ciaaryi which is substituted by G, E and/or K; 

is Ce-Cisaryl; Ce-Cisaryl which is substituted by Ci-Cisalkyl. Ci-Cisalkoxy; Ci-CisaikyI; or 
Ci-Cisalkyt which is interrupted by -0-; 

and R® are independently of each other H; Ce-Ciearyl; Cs-Cisaryl which is substituted by 
1 0 Ci-CisalkyI, CrCiealkoxy; Ci-CisalkyI; or Ci-CiealkyI which is interrupted by -0-; or 

R® and R® together form a five or six membered ring, in particular ^ or 

n 

I! 

t 

R^ !S.H:JC«=Ci«afyl; Ce-Cisaryl which is substituted by Ci-CisalkyI, Ci-Cisalkoxy; Ci-Cisalkyl; 
Ci-CisalkyI which is interrupted by -0-; 
15 R® is H: Cs-Cisaryl; Cs-Cisaryl which is substituted by Ci-CisalkyI, Ci-Cisalkoxy; Ci-CisalkyI; 
Ci-Cisalkyl which is interrupted by -0-. 

or two substituents selected from to V^, to W®, to X^, to which are in 
neighborhood to each other form a five to seven membered ring. 

20 Preferably at least one, more preferably at least two, most preferably at least three of the 

groups V, W, X and Y are Cs-Caoaryl or Cz-Csoheteroaryl, which optionally can be substituted. 

Preferred are compounds of formula I, wherein Y is ^ , wherein Y^ to Y^ are as 
de fined abov e and at least one of the substituents Y^ to Y^ is different from H; W is 
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, Wherein to are as defined above and at least one of the substituents 



to is different from H; X is 




. wherein X' to X^ are as defined above and at 




least one of the substituents X^ to X^ is different from H, and/or V is ^ , wherein 
to are as defined above and at least one substituent to is different from H, 




In one further embodiment compounds-.cf: fonmula I are preferred, wl^rein Y is ^ 




and W is , wherein and and Y^ and Y® are independently of each other 

H; Ci-Cisalkyl; or Ci-CiaalkyI which is substituted by E and/or interrupted by D. 



1 0 Examples of suitable groups Ar are 



^ , especially ^ 



N 



N 
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15 




, or 



, wherein 



n1 , n2, n3, n4. n5, n6 and n7 are integers of 1 to 10, in particular 1 to 3, 

and A'' are independently of each other H, Ci-C,8all<yl, Ci-CiaaikyI which is substituted by 
E and/or interrupted by D, C6-C24aryl. Ce-Cg^aryl which is substituted by E, Cz-Czoheteroaryl, 
Ca-Czoheteroaryl which is substituted by E. Ca-Ciaalkenyl, Cz-Cisalkynyl. Ci-Cisalkoxy, Ci- 
Ciealkoxy which is substituted by E and/or interrupted by D, C7-C25aralkyl, or -CO-R^, 
A* is C-Cisalkyl, Ci-CisalkyI which is substituted by E and/or interrupted by D, C6-C24 aryl, or 
Cy-Czsaralkyl, 

A' and A^° are independently of each other C1-C18 alkyi, Ci-CiaaikyI which is substituted by E 
and/or interrupted by D, C6-C24aryl, C6-C24aryl which is substituted by E, Cz-Caoheteroaryl. 
Cz-Caoheteroaryl which is substituted by E, Cz-Cisalkenyl. Cz-Ciealkynyl, Ci-Cisalkoxy, Ci- 
Cisalkoxy which is substituted by E and/or intenrupted by D, or Cr-Czsaralkyl. or 
A' and A^°fonm a ring, especially a five- or six-membered ring, 

A^* and A'* are Independently of each other H, C-Cisalkyl, Ci-Cisalkyi which is substituted 
by E and/or interrupted by D, Ce-CzAaryl, C6-C24aryl which is substituted by E, Cz- 
Czoheteroaryl, or Cz-Czoheteroaryl which is substituted by E, 

D is -CO-; -COO-; -S-; -SO-; -SO2-; -0-; -NA^-; -SiA^A^'-; -POA'^-; -CA^^'rrCA^'^-; or -CsC-; 



E is -OA=»: -SA«; -NA^A*; -COA^^; -COOA^''; -CONA^A^^; -CN; -OCOOA^'; or halogen; 
wherein A^, A^**, A^ and A* are Independently of each other H; Ce-Ciaaryl; Ce-Coaryl which 
is substituted by C,-Ci8alkyl, Ci-Ciaalkoxy; Ci-Ciealkyl; or Ci-CiealkyI which is interrupted by 



and 




-0-; or A' 



and A together form a five or six mennbered ring, in particular 
O 



O 




O 



. or 



O 
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and are independently of each other H; Ce-Cisaryl; Ce-Ciearyl which is substituted by 
Ci-Ci8alkyl, or Ci-Ci8all<oxy; Ci-CisalkyI; or Ci-CiealkyI which Is Interrupted by -0-, 

is H; Ce-Ciearyl; Ce-Ciaaryl, which is substituted by Ci-CsalkyI, Ci-Ci8alkoxy; Ci-CisalkyI; 
or Ci-CisalkyI which is Interrupted by -0-, 
5 A^° and A^^ are independently of each other Ci-CisalkyI, Ce-Ciearyl, or Cs-Cisaryl, which Is 
substituted by Ci-CiaalkyI, and 

^^ is Ci-CisalkyI, Cs-Cisaryl, or Ce-Cisaryl, which is substituted by Ci-Cisajkyl. 
Preferably, A^ and A^ are independently of each other H. Ci-CisalkyI, such as methyl, ethyl, 
n-propyl, iso-propyl. n-butyl, isobutyl, sec-butyl, t-butyl. 2-methylbutyl, n-pentyl, isopentyl, n- 
10 hexyl, 2-ethylhexyl, or n-heptyl, Ci-CaalkyI which is substituted by E and/or Interrupted by D, 
such as -CH2OCH3, -CH2OCH2CH3, -CH2OCH2CH2OCH3, or -CH2OCH2CH2OCH2CH3 . C©- 
C24aryl, such as phenyl, naphthyl, or biphenyl. C6-C24aryl which Is substituted by E, such as 

-C6H4OCH3. -C6H4OCH2CH3, -C6H3(OCH3)2, or .C6H3(OCH2CH3)2, -C6H4CH3, -C6H3(CH3)2, 

-C6H2(CH3)3. or -GeHAtBu. 
15 A® is preferably H, Ci-CisalkyI, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, 
sec-butyl, t-butyl. 2-methylbutyl, n-pentyl, isopentyl, n-hexyl, 2-ethylhexyl, n-heptyl, or C^- 
C24aryl, such as phenyl, naphthyl, or biphenyl. 

Preferably, A^ and A^° are independently of each other H, Ci-CisalkyI, such as n-butyl, sec- 
butyl, hexyl, octyl, or 2-ethyl-hexyl. Ci-CisalkyI which is substituted by E and/or intenrupted by 

20 D, such as -CH2(OCH2CH2)wOCH3, w = 1 , 2, 3, or 4, C6-C24aryl. such as phenyl, naphthyl, or 
biphenyl, C6-C24aryl which is substituted by E. such as -C6H4OCH3, -C6H4OCH2CH3, 
-CsH3(OCH3)2. -C6H3(OCH2CH3)2. -C6H4CH3. -C6H3(CH3)2, -C6H2(CH3)3, or -C6H4tBu. or A® 
and A^° together form a 4 to 8 membered ring, especially a 5 or 6 membered ring, such as 
cyclohexyl, or cyclopentyl. 

25 Preferably, A^^ and A^^ are independently of each other H, Ci-CisalkyI, such as as methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, or sec-butyl, or C6-C24aryl, such as phenyl, 
naphthyl, or biphenyl. 

D is preferably -CO-. -COO-, -S-. -SO-. -SO2-, -0-, -NA^^-, wherein A^^ is Ci-Ciealkyl. such as 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, or sec-butyl, or C6-C24aryl, such as 
30 phenyl, naphthyl, or biphenyl. 

E is preferably -OA^; -SA^; -NA^^A^^; -COA^^ -COOA^'; -CONA^^A'^. .q,^. therein A2^ 
A^^. and A^ are independently of each other C1-C18 alkyl. such as methyl, ethyl, n-propyl, 
iso-propyi, n-butyl. isobutyl. sec-butyl, hexyl, octyl. or 2-ethyl-hexy!, or C6-C24 aryl. such as 
35 phenyl, naphthyl, or biphenyl. 
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Among the above-mentioned Ar the following groups are preferred: 





, and 



, wherein the 



substituents are defined as above. 



10 



Preferably the electroluminescent device comprises pyrimidine compounds of formula II to 
VI: 




" (II). 

wherein V. W. Y and to are as defined above; 




W (»i). 
wherein V, X. Y and to are as defined above, especially 





YlsR'. ifXIs ^' .orXisR'. ifYis ^ . wherein RMs H. Ci-CiaalkyI; Ci- 
Cisalkyl which is substituted by E and/or interrupted by D; Cg-Cisaikenyl, Ca-Cisalkenyl whrich 
is substituted by E and/or interrupted by D; C^-Ctsalkynyl; CrCisalkynyl which is substituted 
15 by E and/or interrupted by D; Ci-CiQalkoxy: Ci-Cisalkoxy which is substituted by E and/or 
interrupted by D; -SR*; or -NR*R^; wherein W to W*. X' to X*. Y' to Y*. E. D, R*and R* are 
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10 



as defined above, wherein most preferred and and and are independently of 
each other H; Ci-CisalkyI; or Ci-CiaalkyI which is substituted by E and/or interrupted by D; 




(IV), or 



Y* 

wherein V, to W^ to and Y^ to Y^ are as defined above, preferably W^ X^ and Y^ 
are selected from the group consisting of C6-C24aryl; Ce-CaAaryl which is substituted by G; Cz- 
C24heteToaryl; C2-C24heteroaryl which is substituted by L, Ci-Cisalkoxy. -SR®; -NR^R®, 
wherein Q, L, R^ and R® are as defined above, V is H and/or and W^ Y^ and Y^ as well as 
X^ and X^ are independently of each other H; CrCiealkyl; or Ci-CisalkyI which is substituted 
by E and/or interrupted by D, wherein E and D are as defined above; or 




(VI), or 



(VII), wherein 




.or 

W^^ to W^^ to W^s, w^^ to W^, W*^ to W^, Y" to Y'^ Y^^ to Y^. Y^' to Y^ and Y^' to Y^ 
are independently of each other H; C6-C24aryl; Ce-CaAaryl which is substituted by G; Ci- 
5 CisalkyI; Ci-Ci8alkyl which is substituted by E and/or interrupted by D; C7-Cisatkylaryl; C7- 
Ciaalkylaryl which is substituted by E and/or intenrupted by D; C2-Ci8alkenyl; Ca-Cisalkenyl 
which is substituted by E and/or interrupted by D; Ca-Ciaalkynyl; C2-Ci8alkynyl which is 
substituted by E and/or interrupted by D; Ci-Cisalkoxy, Ci-Cisalkoxy which is substituted by 
E and/or interrupted by D; -SR^; -NR^R®; C2-C24heteroaryl; C2-C24heteroaryl which is 

1 0 substituted by L; -SOR^ -SO2R''; -COR^ -COOR^; -CONR^R^ C4-Ci8cycloalkyl; C4- 
Ciscycloalkyl which is substituted by E and/or interrupted by D; C4-Ci8cycloaikenyl; C4- 
Ciscycloaikenyl which Is substituted by -E^and/or interrupted by D; 
V is H; C6-C24aryl; C6-C24aryl which is substituted by G; Ci-CiaalkyI; Ci-CisalkyI which is 
substituted by E and/or interrupted by D; Cr-Cisalkylatyi; Cr-Cisalkylaryl which is substituted 

15 by E and/or intenrupted by D; C2-Ci8alkenyl; C2-Ci8alkenyl which is substituted by E and/or 
interrupted by D; C2-Ci8alkynyl; C2-Ci8alkynyl which is substituted by E and/or interrupted by 
D; Ci-Cisalkoxy, Ci-Ciaalkoxy which is substituted by E and/or interrupted by D; -SR^; or- 
NR^R^; C2-C24heteroaryl; C2-C24heteroaryl which is substituted by L; -SOR^; -SO2R'*; -COR®; 
-COOR^; -CONR^R®; C4-Ci8cycloalkyl: C4-Ci8cycloalkyl which is substituted by E and/or 

20 interrupted by D; C4-Ci8cycloalkenyl; C4-Ci8cycloalkenyl which is substituted by E and/or 
interrupted by D; 

A^® and A^® are independently of each other H, C-CisalkyI; CrCealkyl which is substituted 
by E and/or interrupted by D; Ce-Cisaryl; Ce-Ciearyl which is substituted by E, 
B" to B^"* and B^^ to B^'^are independently of each other H; Ce-Ciaaryl; Ce-Ciaaryl which is 
25 substituted by G; d-Cisalkyl; Ci-CiaalkyI which is substituted by E and/or interrupted by D; 
Cr-Ciaalkylaryl; C7-Ciaalkylaryl which is substituted by E and/or interrupted by D; C2- 
Ciaalkenyl; C2-Ci8alkenyl which is substituted by E and/or interrupted by D; C2-Ci8alkynyl; C2- 
Ciaaikynyl which is substituted by E and/or interrupted by D; Ci-Cisalkoxy, Ci-Ciaalkoxy 
which is substituted by E and/or interrupted by D; -SR^; -NR^R®; C2-Ci8heteroaryl; C2- 
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Cisheteroaryl which is substituted by L; -SOR^ -S02R^; -COR®; -COOR^; or -CONR^R®; C4- 
Ciscycloalkyl; C4-Ci8cycloalkyl which is substituted by E and/or interrupted by D; C4- 
Ciscycloalkenyl; C4-Ci8cycloalkenyi which is substituted by E and/or interrupted by D; 
wherein D, E, G, L, R^ R^, R®, R^and R® are as defined above, and V in formula VI or VII is 
5 preferably H. 



10 



15 



2C 



Moreover^ pyrimidine compounds of formula I are preferred, wherein V is a group of the 

v^ 

.v^ 




formula ^ , H, CrCisalkyI; Ci-CiaalkyI which is substituted by E and/or 

tnterniptfiri by D; Ca-Cisalkenyl, C2-Ci8alkenyi which is substituted by E and/or interrupted by 
D; C2-Ci8alkynyl; Ca-Cisalkynyl which is substituted by E and/or interrupted by D; 
Cr-CtBalkoxy; Ci-Ci8alkoxy whteh is substituted by E and/or interrupted by D; -SR^; or 
-rslR^R^ and/or 



W is a group of the formula 
,102 





.or 



(B^)m JB^)m 



, in particular 




(B')m 

, H, Ci-CisalkyI; Ci-CisalkyI which is substituted by E and/or 
intenupted by D; C2-Ci8alkenyl, C2-Ci8alkenyl which is substituted by E and/or interrupted by 
D; C2-CiBalkynyl; C2-Ci8alkynyl which is substituted by E and/or interrupted by D; 
Ci-CasaJkoxy; Ci-Cisalkoxy which is substituted by E and/or interrupted by D; -SR®; or - 
NR^R*; wherein to W^ D, V' to V^ E, A\ B\ B^ R^ R^ m and Z are as defined above 
and R^°^ and R^*^ are independently of each other H, Ci-CealkyI, C6-C24aryl, or C5- 
C; :'.iLiw>: yl, in particular H or Ci^-alkyl. 

Thfc ^^jcpounds of general formula IV, VI and VII are novel and form a further subject of the 
present application. 
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In one preferred embodiment the present invention is directed to pyrimldine compounds of 
formula ^ N Y wherein 




at least one of the groups W, X and Y is a group of formula 
and the other groups are independently of each other an aryl group or a heteroaryl group, 

R^^ R^^* 



5 especially a group of formula 





R^R^- R^^R^^ 



or 




R^^ R^^ 



, wherein 



Rll Q1^' Q^2 d12' q13 d13' q15 q15' qIB q16' q17 rjir qAI q41' d42 nAZ qAA qAA' d45 d^S* 
,n ,ri ,ri ,ri ,ri ,ri ,ri ,ri ,ri ,ri ,n ,ri ,ri ,n ,ri ,ri ,n ,ri ,ri , 

R"^. R^, R"*^ and R'*^* are independently of each other H, E, Ce-Cisaryl; Ce-Cisaryl which is 
substituted by E; Ci-Cisalky!; Ci-CiaalkyI which is substituted by E and/or interrupted by D; 
Cz-Cisaralkyl; or Cz-CisaralkyI which is substituted by E; or 

R^^'and R'^ R'^* and R'^ R^^ and R'^ R^^' and R'^ R^' and R^ and/or R^' and R^^are each 
a divalent group selected from an oxygen atom, an sulfur atom, >CR^^®R"^>SiR^^®R^^^, or 

, wherein 

R^^® and R^^® are Independently of each other Ci-Ci8alkyl; Ci-Ciealkoxy, Ce-Cisaryl; C7- 
Cisaralkyl; 

R^^ and R'^'. R^^ and R^"', R^^ and R^^', R'^' and R'\ R^^ and R^^ R^^ and R'^', R^« and R^^ 
R^^' and R^^ R^^ and R^^'. R"^ and R^. R^' and R^, R'^' and R^, R^ and R^', R^ and R^', R^ 
and R"^', R"^^ and R"^^', R"^' and R^ and/or R^^' and R^ are each a divalent group 



^32 



i31 



^33 




, wherein 
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R*. R^. R". R*« and R** are Independently of each other H. C-Ciealkyl; C,-C,ealkyl. 
which Is substituted by E and/or interrupted by D; E; Ca-Cisaryl; Ce-Cisaryl, which is 
substituted by E; 

R^^ is H, Ca-Caoheteroaryl, Ce-Csoaryl. or Ce-Csoaryl which is substituted by E, Ci-CisalkyI: or 



J>23 



5 Ci-Ciealkyl which is substituted by E and/or interrupted by D; especially ^ 





.or " " " , wherein R^, R^^, R^^ R^^, 

R^® and R^^ are independently of each other H, E, Ci-Ci8alkyl; Ci-CisalkyI which is 
substituted by E and/or interrupted by D; E; Cy-CisaralkyI; CrCiaaralkyI which is substituted 
by E; 

10 R"" and are independently of each other H, E; Ci-Ci8alkyl; Ci-CisalkyI, which is 
substituted by E and/or interrupted by D; Ca-Caoheteroaryl; Cy-Ciearalkyl; Cr-CisaralkyI which 
is substituted by E; 

D is -CO-; -COO-; -OCOOs -S-; -SOs -SO2-: -0-: -NR^s SiR^R®-; -POR^s -CR^=CR'°-; or - 
C=C-; 

15 E is -OR^; -SR^ -NR^R®; -COR^ -COOR^; -CONR^R®; -CN; or halogen, especially F, or CI; 
wherein R^ and are independently of each other Ce-Cisaryl; Ce-Cisaryl which is substituted 
by Ci-Ci8alkyl, Ci-CiaalkyI; or Ci-CisalkyI which is interrupted by-O-; or 




R^ and R^ together form a five or six membered ring, in particular ^ or 

— \ 

6 
» 

20 R^ is Ce-Ciearyl; Ce-Cisaryl which Is substituted by Ci-Cisalkyl. Ci-CiaalkyI; or Ci-Ciaalkyl 
whteh is interrupted by -0-; 

R® is C7-Ci2alkylaryl; Ci-CiaalkyI; or Ci-CiaalkyI which is intermpted by -0-; and 

R® and R^° are independently of each other H. Ca-Ciaaryl; Ca-Ciaaryl which is substituted by 

Ci-Ciaalkyl, CrCiaalkyl; or Ci-Ciaalkyl which is interrupted by-O-. 
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W is preferably a group of formula 




, wherein 



R^^and R^^ are H and R^ is H, especially 



Off 



20 i 




.or 



R^^ and R^'are H, R^^ and R^^are independently of each other H, Ci-CsalkyI, or Ci-Cealkoxy, 
5 and R^ is H, Ci-Csalkyl. or Ci-Csallcoxy; or 



R". R^=and R" are H. and R'^' and R^are 



»15- 



1» , 



R33_^r^R30 



.30 



R^, R^^and R'^' are H. and R'^ and R^^' are ' ' 
wherein 

p3o^ p3i p32 R33are H. Ci-Csalkyl. or Ci-Cealkoxy. and 
10 X and Y are as defined above. 



15 



According to the present invention at least one of the groups W, X and Y, preferably two of 
the groups W, X and Y. most preferred all three groups W, X and Y are a group of formula 

RllRtr p12p12. p13 ^,3- 




^17-p17 ^16-,16 ",15. RiS 



Accordingly, in one preferred embodiment of the present invention the pyrimidine compound 
is a compound of formula I, wherein W and Y or W and X (= X and Y) are independently of 

ptIpIV p12pl2- p13 




each other a group of formula 



r"' r" r'^r'" r^' r'' 



especially 
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R^^; R^^. R^. R^', R^, R^'. R^, R^', R^^ R^^. R^ and R^ are as defined above, 



especially H, Ci-CsalkyI, Ci-Csalkoxy, or phenyl. 

R^\ R^^'. R^^ R^^'. R'\ R'^\ R^^'. R^^ R^«\ R^^ and R^^, R'^ R^^. R^, R^*, R«. 

10 R^'. R"*^, R"^'. R'*^ and R^^ as well as R^^ R"^. and R^ are preferably independently of each 

other H» E; or d-Csalkyl, especially H. Ci-C4alkyl, Ci-C4alkoxy, or phenyl; wherein E is -OR^; 

-SR^ -NR^R^ -COR^ -COOR^; -CONR^R^ -CN; -OCOOR^; or halogen, especially F; 

wherein R^ and R^ are independently of each other Ce-Ciaary, or Ci-CsalkyI; 

R^ is C7-C12 alkylaryl, or Ci-CsalkyI; and 
15 R® .fe C:yC*2ary I; or Ci-CsalkyI, or 

R"^ Rl2'^ R13 3j^^ R13-^ p13' p14^ p41 p4r^ p4r r43^ pj44 p44-^ 

and R^' and R"^ and/or R^^' and R^ are each a divalent group * ' . 

In-one-more-pfefefred embodiment of the present invention W, X-aruJ Y sue independently of 
20 each other a group of formula 
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H, Ce-Cisaryl; Ce-Cisaryl which is substituted by E; E. Ci-Ci8alkyl; Ci-Ci8alkyl which is 
5 substituted by E and/or interrupted by D; Cr-Cisaralkyl; Cr-CiearalkyI which is substituted by 
E; and R^"*, R^^ and R^^ are as defined above, or 
W is a group of the formula -W^-W^-W^ 
X is a group of the formula -X^-X^-X^ and/or 

Y Is a group of the formula -Y'-Y^-Y^ wherein W\ x\ X^ and Y^ are independently of 
1 0 each other a group of formula 




defined above. 

15 W, X and Y can be different, but have preferably the same meaning. 

Pyrlmldine compounds of formula I are preferred, wherein R^'. R^^'. R^^. R^^'. R^^, R^^. R^^. 

p15-^ p16^ plB"^ p17 pir p41^ p4V^ p42 p4e^ p44 p44' p45 pOS' p46 p46' p47 p47 

Independently of each other H, E; or Ci-CsalkyI; wherein 
20 E is -OR^ -SR^; -NR^R^ -COR^ -COOR^ -CONR^R^ -CN; -OCOOR^ or halogen; wherein 
R^ and R® are independently of each other Ce-Ciaaryl; or d-Cealkyl; 
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is C7-C12 alkylaryl, or Ci-CsalkyI; and 
R® is Ce-Ciaaryl. or Ci-C8alkyl. 



Especially preferred are pyrimidine compounds of formula I, wherein 
5 W, X and Y are independently of each other a group of formula 





, wherein R". R"", R^' and R^*' are H and R» is H, 



especially , or 

R^-and-R^^are H, R^* and R'® are independently of each other H, Ci-CealkyI, or C-Csalkoxy, 
amf R^ is H, Ci-CsalkyI, or Ci-Caalkoxy; or 

R^v R^' 




10 R", R'*and R'*^ are H. and R''' and R^^are 



.or 



R^ R^' 



FP. R'^and R'' are H, and R'-' and R'^are 
R^, R^\ R^2 and R^are H, Ci-CealkyI, or Ci-Csalkoxy; or wherein 
W, X and Y are independently of each other a group of formula 



, wherein 






1 5 whe?5Kn R^® and R^® are independently of each other Ci-Cealkyl. 

In a further preferred embodiment the present invention is directed to pyrimidine compounds 




.or 

5 W'^ to W^' to W^. W^' to W^. W^^ to W^. Y^' to Y^' to Y^, Y^' to Y^ and Y^' to Y^ 
are independently of each other H; C6-C24aryl; C6"C24aryl which is substituted by G; Ci- 
Ciealkyl; Ci-CisalkyI which is substituted by E and/or interrupted by D; C7-Ci8alkylaryl; C?- 
Cisalkylaryl which is substituted by E and/or interrupted by D; C2-Ci8alkenyl; Ca-Cisalkenyl 
which is substituted by E and/or interrupted by D; C2-Ci8alkynyl; C2-Ci8alkynyl which is 
10 substituted by E and/or Interrupted by D; Ci-Ci8alkoxy, CrCisalkoxy which is substituted by 
E and/or interrupted by D; -SR^; -NR^R®; C2-C24heteroaryl; C2-C24heteroaryl which is 
substituted by L; -SOR^ -SO2R''; -COR^ -COOR^ -CONR^R®; C4-Ci8cycloalkyl; C4- 
CiscycloalkyI which is substituted by E and/or interrupted by O; C4-Ct8cycloalkenyl; C4- 
Ciacycloalkenyl which is substituted by E and/or interrupted by D; 
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V is H; C6-C24aryl; C6-C24aryl which is substituted by G; Crdeaikyl; Ci-CiealkyI which is 
substituted by E and/or interaipted by D; Cr-Cisalkylaryl; C7-Ci8alkylaryl which is substituted 
by E and/or interrupted by D; C2-Ci8alkenyl; Ca-Cisalkenyl which is substituted by E and/or 
interrupted by D; CrCisalkynyl; C2-Ci8alkynyl which is substituted by E and/or interrupted by 
5 D; Ci-Ciaalkoxy, Ci-Cisalkoxy which is substituted by E and/or interrupted by D; -SR^; or - 
NR^R®; C2-C24heteroaryl; C2-C24heteroaryl which is substituted by L; -SOR*; -S02R^; -COR®; 
-COOR^; -CONR^R^; C4-Ci8cycioalkyl; C4-Ci8cycloalkyi which is substituted by E and/or 
interrupted by D; C4-Ci8cycloalkenyl; C4-Ci8cycloalkenyl which is substituted by E and/or 
interrupted by D; 

10 A^® and A^® are independently of each other H, Ci-Ci8alkyl; Ci-Ci8alkyl which is substituted 
by E and/or interrupted by D; Ce-Ciearyl; Ce-Ciaaryl which is substituted by E, 
B^' to B'\ B^' to B^' to B^ and B^' to B^are independently of each other H; Ce-Cisaryl; 
C6-Ci8aryl which is substituted by G; Ci-Ci8alkyl; CrCiealkyI which is substituted by E and/or 
interrupted by D; C7-Ci8alkylaryl; C7-Ci8alkylaryl which is substituted by E and/or intenxipted 

15 by D; C2-Ci8alkenyl; C2-Ci8alkenyl which is substituted by E and/or interrupted by D; C2- 

Cisalkynyl; Ca-Cisalkynyl which is substituted by E and/or interrupted by D; Ci-Ci8alkoxy, Ci- 
Cisalkoxy which is substituted by E and/or interrupted by D; -SR^; -NR^R^; C2-Ci8heteroaryl; 
Cg-Ciaheteroaryl which is substituted by L; -SOR'*; -SOzR"*; -COR®; -COOR^; or -CONR®R®; 
C4-Ci8cycloalkyl; C4-Ci8cycloalkyl which is substituted by E and/or interrupted by D; C4- 

20 Ciacycioalkenyl; C4-Ci8cycloalkenyl which is substituted by E and/or interrupted by D; 
wherein D, E, G, L, R"^, R^, R®, R^and R® are as defined above. 

In a preferred embodiment W and Y are groups of the formula 




Particularly preferred are pyrlmidine compounds of the following formula: 



5 




wherein V is H, or Ci-Ca-alkyI, 

and X^are independently of each other H, Ci-CsalkyI, CrCsalkoxy, Ci-CsthloalkyI, or 
phenyl, 

X^ is H, or Ci-Csalkoxy, 

10 is H. Ci-CaalkyI, or 0(CH2)ni-X, 
is H, Ci-Caalkyl. or 0(CH2)ni-X, 
Y^, Y*, W^and W"* are independently of each other Ci-CsalkyI, CrCgalkoxy, Ci-CsthioalkyI, 
halogen, in particular Br, phenyl, or 0(CH2)ni-X, wherein n1 is an integer of 1 to 5 and X is - 
0-(CH2)miCH3, "OC(0)-(CH2)miCH3, -C(0)-0-Ci-CBalkyl, -NR^°^R^°^ wherein m1 is an 

15 integer of 0 to 5 and R^°^ and R^°^ are independently of each other H, or Ci-Cs-alkyI, or R^°^ 

-o 

and R'*'* together form a five or six membered heterocyclic ring, in particular \ 
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wherein V is H, or Ci-Csalkyl, 

is H, Ci-Csall^yl, or d-Cealkoxy, 
is H, Ci-Csalkoxy, phenyl or 0(CH2)ni-X, 
X® is H, Ci-Csalkoxy, phenyl or 0(CH2)nrX, 
5 is H, Ci-CsalkyI, or Ci-Csalkoxy, wherein n1 is an integer of 1 to 4 and X is - 

0-(CH2)miCH3, -OC(0)-(CH2)miCH3, -C(0)-0-Ci-C8alkyl. wherein ml is an integer of 0 to 6; 

wv y 




wherein and W'^are independently of each other H, -NR^^R^^, Ci-CethioalkyI, or Ci- 
10 Caalkoxy. 

and Y'^are independently of each other H. -NR'^^R^^"*, Ci-Cethioalkyl. or Ci-Csalkoxy, 
wherein R^^ and R^^ are independently of each other H, or Ci-Csalkyl. 

is K Ci-Cealkyl. or 0(CH2)ni-X, 
Y^ is Ct-Csalkyl. or 0(CH2)ni-X. 
15 wherein n1 is an integer of 1 to 5 and X is -0-(CH2)miCH3, --OC(0)-(CH2)miCH3, -C(0)-0- Ci- 
C|?aM. -fflR^^R^^"^, wherein m1 is an integer of 0 to 5 and R^^ and R^^ are independently of 
eadi other H, or Ci-Ce-alkyI, or R^^ and R^*^ together form a five or six membered 

-o 

heterocyclic ring, in particular ; 
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(XIII). 




wherein V, W' to W^, X, to are as defined above, wherein V is preferably ^ 
with the proviso that at least one substituent to is different from hydrogen; 




(XlVa), 



5 (XIVc). 




(XlVd), or 




(XlVb). 




(XlVe), wherein X, Y, to 



W^ and R° are as defined above; 

f3 




(XV). 

wherein W^* is H. -NR'°^R"^. C-Csthioalkyl. or C-Csaikoxy. 

Y' is H. -NR^^R'"". C-CathioaikyI, or C-Caalkoxy. wherein R^°^ and R^°* are independently 
10 of each other H. or Ci-Caalkyl, 

R'°^ and R'°^ are independently of each other H. Ci-Cgaikyl. phenyl, or Cs-C7cyctoalkyl, in 
particular cyclohexyl; 
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Wherein is H. -NR'^R^^. Ci-Cethioalkyl. or d-Cealkoxy, 

is H, -NR'°^R^^. Ci-CathioalkyI, or C-Csalkoxy. wherein R^^ and R'^ are independently 
of each other H, or Ci-CsalkyI; 



5 




is H. -NR'^'^, Ci-CsthioalkyI, or CrCsalkoxy. 

is H. -NR'^R^°^ C-Csthioalkyl, or d-Cealkoxy. wherein R^^ and R'^ are independently 
of each other H, or Ci-CsalkyI, R^°^ and R^°^ are independently of each other H, Ci-Cealkyl, 
phenyl, or Cs-C7cycloalkyl, in particular cyclohexyl; 
1 0 pyrimidine compounds of formula 




wherein 

R^^*^ is Ce-Cio-aryl, such as phenyl, 1-naphthyl, 2-naphthyl, 3- or 4-biphenyl, 9-phenanthryl, 2- 
or^9-fiuorenyi, which is optionally substituted by d-Ce-alkyl, or CrC4-alkoxy, 
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especially 






? 






I 

o 






Q- CO- 



, and 



or C4-C10 heteroaryi, especially 



^110 




5 is H, Ci-Ce-alkyI, Ci-C4-alfcoxy, Ptr, or ' ; and 
pyrimidlne compounds of formula I, wherein 
V is hydrogen, 

W and Y are independently of each other a group of formula 

R'^ V R^^ V R'^ 



.or 





, and 



10 X is a group of formula 



r" 


















r'" 


R'^ 




JL13 



.or 



R*' 








r" 





, wherein 
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R", R'^ R^^, R'*. R'^ R'* and R" are indeperKlently of each other H, Cs-Ciearyl; Ce-Ciearyl 
which is substituted by E; E. Ci-Ciealkyl; d-Cisaikyl which is substituted by E and/or 
interrupted by D; Ce-Ciaaryl; Ce-Cisaryl which is substituted by E; 

R^° and R^^ are independently of each other H, Ci-CiaalkyI; Ci-Cieallcyl which is substituted 
5 by E and/or interrupted by D; Ce-Ciaaryl; Ce-Ciaaryl which is substituted by E; 

D is -CO-; -COO-; -OCOO-; -S-: -SO-; -SO2-; -0-; -NR«-: -SiR'R'-; -POR'-; -CR'=CR'-; or - 
CsG-; 

E is -OR^ -SR**; -NR^R«; -COR"; -COOR'; -CONR^R®; -CN; -OCOOR'; or halogen; wherein 
R^, R^, R' and R" are as defined above, wherein pyrimidine compounds of formula I, wherein 
10 Vis hydrogen, 

W and Y are a group of formula 



X is a group of formula 




, or are most preferred. 

15 The present pyrimidine compounds are known or can be prepared according to or analogous 
to known procedures. The present pyrimidine compounds are for instance derivatives of 
known hydroxyphenyl pyrimidine compounds: US-A-3,442,898, US-A-5,597,854 and US-A- 
5,753,729, the relevant parts of which are hereby incorporated by reference. The present 
pyrimidine compounds can for instance be prepared according to or analogous to the 
20 following procedures (Suzuki aryl-aryl cross coupling reaction: Chem. Commun., 2002, 874 - 
875; DE-A-3001 188, J. Org. Chem. Vol. 36, 1971, 3382-3385): 

X 



w 

w 

V 



An amidine hydrochloride is added to a 2-propen-1-one derivative in a Ci-C4-alcohol, like 
methanol, ethanol, propanol or butanol. A base, for example, an alkali metal hydroxide or 
25 alkoxide, such as sodium methoxide or potassium hydroxide is added and the solution is 
stirred-in the presence of oxygen, for example dry air. 



The pyrimidine compounds of the present invention, comprising the following units: 
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or 

can be prepared according to a process, which comprises reacting a derivative of formula 




wherein X®, V, W®, and m are as defined above, 
5 R^°° stands for halogen such as chloro or bromo. preferably bromo. or E having the meaning 
of 

-E^ or — BC(CH3)2 or ^CHg)^ 
OH O""^ O 

wherein a is 2 or 3, 
with boronic acid derivative 
10 E-Ar, 
or - in case R^°° is not halogen - 

Hal-Ar, 

wherein Hal stands for halogen, preferably for bromo, 

wherein Ar is Ce-Cso-aryl or Ca-Cso-heteroaryl, which can be substituted, in the presence of 
15 an allylpalladium catalyst of the )i-halo(triisopropylphosphine)(T)^-allyl)palladium(ll) type (see 
for example W099/47474). 

Preferably, the reaction is carried out in the presence of an organic solvent, such as an 
aromatic hydrocarbon or a usual polar organic solvent, such as benzene, toluene, xylene, 
tetrahydrofurane, or dioxane, ormixtures thereof, most preferred toluene. Usually, the 
20 amount of the solvent is chosen in the rainge of from 1 to 1 0 1 per mol of boror>ic acid 
derivative. Also preferred, the reaction is carried out under an inert atmosphere such as 
nitrogen, or argon. 
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Further, it is preferred to carry out the reaction In the presence of an aqueous base, such as 
an alkali metal hydroxide or carbonate such as NaOH, KOH, NazCOa, K2CO3, CszCOaand 
the like, preferably an aqueous K2CO3 solution is chosen. Usually, the molar ratio of the base 
to compound III is chosen in the range of from 0.5:1 to 50:1 . 
5 Generally, the reaction temperature is chosen in the range of from 40 to 180'*C, preferably 
under reflux conditions. 

Preferred, the reaction time is chosen in the range of from 1 to 80 hours, more preferably 
from 20 to 72 hours. 

In a preferred embodiment a usual catalyst for coupling reactions or for polycondensation 
10 reactions is used, preferably Pd-based catalyst such as known tetrakis(triarylphosphonium)- 
palladium, preferably (Ph3P)4Pd and derivatives thereof. Usually, the catalyst is added in a 
molar ratio from inventive DPP polymer to the catalyst in the range of from 100:1 to 10:1, 
preferably from 50:1 to 30:1 . 

Also preferred, the catalyst is added as in solution or suspension. Preferably, an appropriate 

1 5 organic solvent such as the ones described above, preferably benzene, toluene, xylene, 
THF, dk)xane, more preferably toluene, or mixtures thereof, is used. The amount of solvent 
usually is chosen in the range of from 1 to 10 I per mol of boronic acid derivative. 
The obtained inventive polymer can be isolated by well-known methods. Preferably, after 
cooling down the reaction mixture to room temperature, it is poured into acetone and the 

20 obtained precipitation is filtered off, washed and dried. 

Ci-CiealkyI is a branched or unbranched radical such as for example methyl, ethyl, propyl, 
isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl, n-pentyl, isopentyl, 1- 
methylpentyl. 1 .3-dimethylbutyl, n-hexyl. 1-methylhexyl, n-heptyl, isoheptyl, 1,1,3,3- 
tetramethylbutyl. 1-methylheptyl, 3-methylheptyl. n-octyl. 2-ethylhexyl, 1.1.3-trimethylhexyl, 

25 1,i;3.3-tetramethylpentyl, nonyl, decyl, undecyl. 1-methylundecyl, dodecyl. 1,1,3,3.5.5- 
hexamethylhexyl, tridecyl, tetradecyl, pentadecyl. hexadecyl, heptadecyl, or octadecyl. 
Ci-CisAlkoxy radicals are straight-chain or branched alkoxy radicals, e.g. methoxy, ethoxy, n- 
propoxy. isopropoxy. n-butoxy, sec-butoxy, tert-butoxy, amyloxy. isoamyloxy or tert-amyloxy, 
hepfeAa^Q/. octyloxy. isooctyloxy, nonyloxy. decyloxy. undecyloxy, dodecyloxy, tetradecyloxy, 

30 pert«3fecyloxy. hexadecyloxy. heptadecyloxy and octadecyloxy. 

C2-Ct8Alkenyl radicals are straight-chain or branched alkenyl radicals, such as e.g. vinyl, 
allyl. methallyl, isopropenyl. 2-butenyl, 3-butenyl. isobutenyl. n-penta-2,4-dienyl. 3-methyl- 
but-2-enyl. n-oct-2-enyl, n-dodec-2-enyl. isododecenyl. n-dodec-2-enyl or n-octadec-4-enyl. 
C^^^/.^y\ \s st.raight-chain or branched and preferably Ca-salkynyl. which may be 

35 unsubstituted or substituted, such as, for example, ethynyl, 1-propyn-3-yl. 1-butyn-4-yl, 
1-pentyn-5-yl. 2-methyl-3-butyn-2-yl, 1 .4-pentadiyn-3-yl, 1 .3-pentadiyn-5-yl, 1-hexyn-6-yl, 
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cis-3-methyi-2-penten-4-yn-1 -yl, trans-3-methyl-2-penten-4-yn-1 -yl, 1 .3-hexacliyn-5-yl. 
1-octyn-8-yl, 1-nonyn-9-yl, 1-decyn-10-yl or 1-tetracosyn-24-yl, 

C4-CiBCycloalkyl is preferably Cs-CiacycloalkyI, such as, for example, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl, cyclododecyl. Cyclohexyl and cyclododecyl 
5 are most preferred. 

The term "aryl group" is typically Ce-Caoaryl, such as phenyl, Indenyl, azulenyl, naphthyl, 
biphenyl, terphenylyl or quadphenylyl, as-indacenyl. s-indacenyl, acenaphthylenyl, 
phenanthryl, fluoranthenyl, triphenlenyl, chrysenyl, naphthacen. picenyl, perylenyl, 
pentaphenyl, hexacenyl, pyrenyl, anthracenyl. terphenylyl or quadphenylyl, which can be 

1 0 substituted or unsubstituted, preferably phenyl. 1 -naphthyl, 2-naphthyl, 9-phenanthryl, 2- or 
9-fluorenyl, 3- or 4-biphenyl, which may be unsubstituted or substituted. Examples of 
Ce-Ciearyl are phenyl, 4-methylphenyl, 4-methoxyphenyl, 1 -naphthyl, 2-naphthyl, 3- or 
4-biphenyl, 9-phenanthryl, 2- or 9-fluorenyl, which may be unsubstituted or substituted. 
C7-C24aralkyl radicals are preferably C7-Ci5aralkyl radicals, which may be substituted, such 

1 5 as, for example, benzyl, 2-benzyl-2-propyl, p-phenethyl, a,a-dimethylbenzyl, (o-phenyl-butyl, 
w-phenyl-octyl, to-phenyl-dodecyl or 3-methyl-5-(1*,1',3',3'-tetramethyl-butyl)-benzyl, 
The term "heteroaryl group", especially Ca-Csoheteroaryl, is a ring, wherein nitrogen, oxygen 
or sulfur are the possible hetero atoms, and is typically an unsaturated heterocyclic radical 
with five to 18 atoms having at-least-slx-conjugated it-electrons-such-as-thienyl, 

20 benzo[b]thienyl, dibenzo[b,d]thienyl, thianthrenyl, furyl. furfuryl, 2H-pyranyl, benzofuranyl, 
isobenzofuranyl, 2H-chromenyl, xanthenyl, dibenzofuranyl, phenoxythlenyl, pyrrolyl, 
Imidazolyl, pyrazolyl, pyridyl, bipyridyl, triazinyl, pyrimidinyl, pyrazinyl, IH-pyrrollzlnyl, 
Isoindolyl, pyridazinyl, indolizlnyl, Isoindolyl, indolyl, 3H- Indolyl, phthalazinyl, naphthyridinyl, 
quinoxalinyl, quinazolinyl, cinnollnyl, Indazolyl, purinyl, quinolizinyl, chinolyl, Isochinolyl, 

25 phthalazinyl. naphthyridinyl, chinoxallnyl, chlnazollnyl, cinnolinyl, pteridinyl, carbazolyl, 4aH- 
carbazolyl, carbolinyl. benzotriazolyl, benzoxazolyl. phenanthridinyl, acrldinyl. perimidinyl, 
phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazlnyl, Isoxazolyl, furazanyl or 
phenoxazinyl, preferably the above-mentioned mono- or bicyclic heterocyclic radicals, which 
may be unsubstituted or substituted. 

30 Examples of a five or six membered ring formed by R' and R® and R"^ and R'"»*, respectively 
are heterocycloalkanes or heterocycloalkenes having from 3 to 5 carbon atoms which can 
have one additional hetero atom selected from nitrogen, oxygen and sulfur, for example 
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, which can be part of a bicyclic system, for 



Possible substituents of the above-mentioned groups are Ci-CsalkyI, a hydroxyl group, a 
5 mer c aptc group, Ci-Csalkoxy, Ci-Csalkylthio, halogen, halo-Ci-CsalkyI, a cyano group, an 
aldehyde group, a ketone group, a carboxyl group, an ester group, a carbamoyl group, an 
amino group, a nitro group or a sllyl group. 

As described above, the aforementioned radicals may be substituted by E and/or. If desired, 
10 in t errupte d by D. Interruptions are of course possible only in the case of radicals containing 
at least 2 carbon atoms connected to one another by single bonds; Ce-Cisaryl is not 
interrupieu; interrupted arylaikyi or aikyiaryi contains the unit D in the alkyi moiety. Ci- 
Ciealkyt substituted by one or more E and/or interrupted by one or more units D is, for 
example, (CH2CH20)n-R*, where n is a number from the range 1-9 and R"* is H or Ci-Cioalkyl 
1 5 or Ca-CioalkanoyI (e.g. CO-CH(C2H5)C4H9), CH2-CH(OR^)-CH2-0-Ry, where R^ is Ci-Ciaalkyl. 
C5-Ci2cycloalkyl, phenyl, CrCisPhenylalkyI, and R^ embraces the same definitions as R^ or 
is H; 

C1-C8alkylene-COO-R^ e.g. CH2COOR^,CH(CH3)COOR^ C(CH3)2COOR^ where R^ is H, 
CrCtsaflcyl, (CH2CH20)i.9-R'*, and R'' embraces the definitions indicated above; 
20 CH2CH2-0-CO-CH=CH2;CH2CH(OH)CH2-0-CO-C(CH3)=CH2. 

To obtain organic layers of this invention with the proper Tg, or glass transition temperature, it 
r5«?ii^i?^Qsgeous that the present organic compounds have a melting point greater than about 
150*<;, for example greater than about 200**C, for example greater than about 250*^0, for 
instance greater than about 300^0. 
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The electroluminescent devices of the present invention are othenA^ise designed as is known 
in the art, for example as described in U.S. Pat. Nos. 5,518,824, 6,225,467, 6,280,859, 
5,629.389, 5,486,406, 5,104.740, 5,1 16.708 and 6,057,048. the relevant disclosures of which 
are hereby incorporated by reference. 
5 For example, organic EL devices contain one or more layers such as: 

substrate; base electrode; hole-injecting layer; hole transporting layer; emitter layer; electron- 
transporting layer; electron-injecting layer; top electrode; contacts and encapsulation. 
This structure is a general case and may have additional layers or may be simplified by 
omitting layers so that one layer performs a plurality of tasks. For instance, the simplest 
10 organic EL device consists of two electrodes which sandwich an organic layer that performs 
all functions, including the function of light emission. 

A preferred EL device comprises in this order: 
(a) an anode, 

15 (b) a hole injecting layer and/or a hole transporting layer, 

(c) a light-emitting layer, 

(d) optionally an electron transporting layer and 

(e) a cathode. 

20 In particular, the present organic compounds function as light emitters and are contained in 
the light emission layer or form the light-emitting layer. 

The light emitting compounds of this invention exhibit intense fluorescence in the solid state 
and have excellent electric-field-applied light emission characteristics. Further, the light 
emitting compounds of this invention are excellent in the injection of holes from a metal 
25 electrode and the transportation of holes; as well as being excellent in the injection of 
electrons from a metal electrode and the transportation of electrons. They are effectively 
used as light emitting materials and may be used in combination with other hole transporting 
materials, other electron transporting materials or other dopants. 

The organic compounds of the present invention form uniform thin films. The light emitting 
30 layers may therefore be formed of the present organic compounds alone. 

Alternatively, the light-emitting layer may contain a known light-emitting material, a known 
dopant, a known hole transporting material or a known electron transporting material as 
required. In the organic EL device, a decrease in the brightness and life caused by 
quenching can be prevented by forming it as a multWayered structure. The light-emitting 
35 material, a dopant, a hole-injecting material and an electron-injecting material may be used in 
combination as required. Further, a dopant can improve the light emission brightness and the 
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light emission efficiency, and can attain the red or blue light emission. Further, each of the 
hole transporting zone, the light-ennitting layer and the electron transporting zone may have 
the layer structure of at least two layers. In the hole transporting zone in this case, a layer to 
which holes are injected from an electrode is called "hole-injecting layer", and a layer which 
5 receives holes from the hole-injecting layer and transport the holes to a light-emitting layer is 
called "hole transporting layer". In the electron transporting zone, a layer to which electrons 
are injected from an electrode is called "electron-injecting layer", and a layer which receives 
electrons from the electron-injecting layer and transports the electrons to a light-emitting 
layer is called "electron transporting layer". These layers are selected and used depending 
1 0 upon factors such as the energy level and heat resistance of materials and adhesion to an 
organic layer or metal electrode. 

The light-emitting material or the dopant which may be used in the light-emitting layer 
together with the organic compounds of the present invention includes for example 
anthracene, naphthalene, phenanthrene, pyrene, tetracene, coronene, chrysene, fluorescein, 

15 perylene, phthaloperylene, naphthaloperylene, perinone, phthaoperinone, 
naphthaloperinone, diphenylbutadiene, tetraphenylbutadiene, coumarine, oxadiazole, 
aldazine, bisbenzoxazoline, bisstyryl, pyrazine, cyclopentadiene, quinoline metal complex, 
aminoquinoline metal complex, benzoquinoline metal complex, imine, diphenylethylene, vinyl 
anthracene, diaminocarbazole. pyran, thiopyran, polymethine, merocyanine, an imidazole- 

20 chelated oxynoid compound, quinacridone, rubrene, and fluorescent dyestuffs for a dyestuff 
laser or for brightening. 

If the pyrimidine compounds of the formula I are used as host, the weight ratio of the 
pyrimidine compound (host) to the guest compound is in general 50:50 to 99.99:0.01, 
preferably 90:10 to 99.99:0.01, more preferably 95:5 to 99.9:0.1, most preferably 98:2 to 
25 99.9:0.1. 

The pyrimidine compounds of the present invention and the above compound or compounds 
that can be used in a light-emitting layer may be used in any mixing ratio for forming a light- 
emitting layer. That is, the organic compounds of the present invention may provide a main 
component for forming a light-emitting layer, or they may be a doping material in another 
30 main material, depending upon a combination of the above compounds with the organic 
compounds of the present invention. 

The hole-injecting material is selected from compounds which are capable of transporting 
holes, are capable of receiving holes from the anode, have an excellent effect of injecting 
holes to a light-emitting layer or a light-emitting material, prevent the movement of excitons 
35 generated in a light-emitting layer to an electron-injecting zone or an electron-injecting 
material and have the excellent capability of forming a thin film. Suitable hole-injecting 
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materials include for example a phthalocyanine derivative, a naphthalocyanine derivative, a 
porphyrin derivative, oxazote, oxadiazole, triazole, imidazole, imidazolone, imidazolthione, 
pyrazoline, pyrazolone, tetrahydrolmidazole, oxazole, oxadiazole, hydrazone, acylhydrazone, 
polyarylalkane, stilbene, butadiene, benzidine type triphenylamine, styrylamine type 
5 triphenylamine, diamine type triphenylamine, derivatives of these, and polymer materials 
such as poiyvinylcarbazole, polysilane and an electroconducting polymer. 
In the organic EL device of the present invention, the hole-Injecting material which is more 
effective is an aromatic tertiary amine derivative or a phthalocyanine derivative. Although not 
specially limited, specific examples of the tertiary amine derivative include triphenylamine, 

1 0 tritolylamine, tolyldiphenylamine, N,N*-diphenyl-N,N*-(3-methylphenyl)-1 ,1 -biphenyl-4,4'- 
diamine, N,N,N\N'-tetra(4-methylphenyl)-1,r-phenyl-4,4'-diamine, N,N,N',N'-tetra(4. 
methylphenyl)-1 ,1 -biphenyl-4,4'-diamine. N,N'-diphenyl-N,N*-di(1 -naphthyl)-1 ,1 '-biphenyl- 
4,4'-diamine, N,N'-dl(methylphenyl)-N,N'-di(4-n-butylphenyl)-phenanthrene-9,10- diamine, 
4,4', 4"-tris(3-methylphenyl)-N-phenylamino)triphenylamine, 1 , 1 -bis(4-di-p- 

15 tolylaminophenyl)cyclohexane, and oligomers or polymers having aromatic tertiary amine 
structures of these. 

Although not specially limited, specific examples of the phthalocyanine (Pc) derivative 
include phthalocyanine derivatives or naphthalocyanine derivatives such as HaPc, CuPc, 
CoPc. NiPc, ZnPc, PdPc, FePa l\4nPc, ClAIPc, CIGaPc, CllnPc. CISnPc, CfeSiPc, (HO)AIPc, 
20 (HO)GaPc, VOPc, TiOPc, MoOPc, and GaPc-O-GaPc. 

The hole transporting layer can reduce the driving voltage of the device and improve the 
confinement of the injected charge recombination within the pyrimidin light emitting layer. 
Any conventional suitable aromatic amine hole transporting materials described for the hole- 
injecting layer may be selected for forming this layer. 

25 

A preferred class of hole transporting materials is comprised of 4,4'-bis(9-carbazolyl)-1 , V- 
biphenyl compounds of the formula 

wherein R^' and R®^ is a hydrogen atom or an Ci-CaalkyI group; R^^ through are 
30 substituents independently selected from the group consisting of hydrogen, a Ci-CealkyI 
group, a Ci-Cealkoxy group, a halogen atom, a dialkylamino group, a Ce-Caoaryl group, and 
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the like. Illustrative examples of 4,4'-bis(9-carbazolyl)-1,1'-biphenyl compounds include 4,4'- 
bis{9-carbazolyl)-1,V-biphenyl and 4,4*-bis(3-methyl-9-carbazolyl)-1,r-biphenyl, and tlie like. 
The electron transporting layer Is not necessarily required for the present device, but is 
optionally and preferably used for the primary purpose of improving the electron injection 
5 characteristics of the EL devices and the emission uniformity. Illustrative examples of 
electron transporting compounds, which can be utilized in this layer, include the metal 
chelates of 8-hydroxyquinoline as disclosed in U.S. Pat. Nos. 4,539,507, 5,151,629, and 
5,150,006, the disclosures of which are totally incorporated herein by reference. 
Although not specially limited, specific examples of the metal complex compound include 

10 lithium 8-hydroxyquinolinate, zinc bis(8-hydroxyquinolinate), copper bis(8- 
hydroxyquinolinate), manganese bis(8-hydroxyquinolinate), aluminum tris(8- 
hydroxyquinolinate), aluminum tris(2-methyl-8-hydroxyquinolinate), gallium tris(8- 
hydroxyquinolinate), beryllium bis(1 0-hydroxybenzo[h]quinolinate), zinc bis(1 0- 
hydroxybenzo[h]quinolinate), chlorogallium bis(2-methyl-8-quinolinate), gallium bis(2-methyl- 

1 5 8-quinolinate)(o-cresolate), aluminum bis(2-methyl-8-quinolinate)(1 -naphtholate), gallium 
bis(2-methyl-8-quinolinate)(2-naphtholate), gallium bis(2-methyl-8-quinolinate)phenolate, zinc 
bis(o-(2-benzooxazolyl)phenolate), zinc bis(o-(2-benzothiazolyl)phenolate) and zinc bis(o-(2- 
benzotrizolyOphenolate). The nitrogen-containing five-membered derivative is preferably an 
oxazole, thiazole, thiadiazoia, or triazole derivative. Although not specially limited, specific 

20 examples of the above nitrogen-containing five-membered derivative include 2,5-bis(1- 
ph^nyl)-l ,3,4-oxazole, 1 ,4-bis(2-(4-methyl-5-phenyloxazolyl)benzene, 2,5-bis(1 -phenyl)- 
1 ,3,4-thiazole, 2,5-bis(1-phenyl)-1 ,3,4-oxadiazole, 2-(4'-tert-butylphenyl)-5-(4"-biphenyl)1 ,3,4- 
oxadiazole, 2,5-bis(1 -naphthyl)-1 ,3,4-oxadiazole, 1 ,4-bis[2-(5-phenyloxadiazolyl)]benzene, 
1,4-bis[2-(5-phenyloxadiazolyl)-4-tert-butylbenzene], 2-(4'-tert-butylphenyl)-5-(4"-biphenyl)- 

25 1 .3.4-thiadiazolG, 2,5-bis(1 -naphthyl)-1 ,3,4-thiadiazole. 1 ,4-bis[2-(5-phenylthiazolyl)]benzene, 
2-(4'-tert-butylphenyl)-5-(4"-biphenyl)-1 ,3,4-triazole, 2.5-bis(1 -naphthyl)-1 .3,4-triazole and 
1,4-bis[2-(5-phenyltriazolyl)]benzene. Another class of electron transport materials are 
oxadiazole metal chelates. such as bis[2-(2-hydroxyphenyl)-5-phenyl-1 ,3,4- 
o%a^^ff3!^to]z\r)oi bis[2-(2-hydroxyphenyl)-5-phenyl-1,3,4-oxadiazolato]beryllium; bis[2-(2- 

30 hy(»9K99*5enyl)-5-(1 -naphthyl)-1 ,3.4-oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-(1 - 

naphthyi)-1.3.4-oxadiazolato]beryllium; bis[5-biphenyl-2-(2-hydroxyphenyl)-1,3,4- 
oxadiazolatojzinc; bis[5-biphenyl-2-(2-hydroxyphenyl)-1.3.4-oxadia20[ato]beryllium; bis(2- 
hydroxyphenyl)-5-phenyl-1,3.4-oxadiazolato]lithium; bis[2-(2-hydroxyphenyl)-5-p-tolyl- 1.3,4- 
oxadiazoiaiojzinc; bis 2-(2-hydroxyphenyl)-5-p-tolyl-1.3.4-oxadia20ia{o]beryllium; bis[5-(p- 

35 tert-butylphenyl)-2-(2-hydroxyphenyl)-1,3.4-oxadiazolato]zinc; bis[5-(p-tert-butylphenyl)-2-(2- 
hydroxyphenyl)-1,3,4-oxadiazolato]beryllium; bis[2-(2-hydroxyphenyl)-5-(3-fluorophenyl)- 
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1 ,3,4-oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-S-(4-fluorophenyl)-1,3,4-oxadiazolato]zinc; 
bis[2-(2-hydroxyphenyl)-5-(4-fluorophenyl)-1,3,4-oxadiazolato]beryllium; bis[5-(4- 
chlorophenyl)-2-(2-hydroxyphenyl)-1,3,4-oxadiazolato]zinc; bis[2-(2-hydroxy phenyl)-5-(4- 
methoxyphenyl)-1.3,4-oxadiazolato]zinc; bis[2-(2-hydroxy-4-methylphenyl)-5-phenyl- 1,3,4- 
5 oxadiazolato]zinc; bis[2-.alpha.-(2-hydroxynaphthyl)-5-phenyl-1 ,3,4-oxadiazolato]zinc; bis[2- 
(2-hydroxyphenyl)-5-p-pyridyl-1,3,4-oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-p-pyridyl- 
1 .3,4-oxadiazolato]beryllium; bis[2-(2-hydroxyphenyl)-5-(2-thiophenyl)-1 ,3,4- 

oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-phenyl-1,3,4-thiadiazolato]zinc; bis[2-(2- 
hydroxyphenyl)-5-phenyM ,3,4-thiadiazolato]beryllium; bts[2-{2-hydroxyphenyl)-5-(1 - 

1 0 naphthyl)-1 ,3,4-thiadiazolato]zinc; and bis[2-(2-hydroxyphenyl)-5-(1 -naphthyl)-1 ,3,4- 
thiadiazolato]beryllium, and the like. 

In the organic EL device of the present invention, the light-emitting layer may contain, in 
addition to the light-emitting organic material of the present invention, at least one of other 
light-emitting material, other dopant, other hole-injecting material and other electron-injecting 

1 5 material. For improving the organic EL device of the present invention in the stability against 
temperature, humidity and ambient atmosphere, a protective layer may be formed on the 
surface of the device, or the device as a whole may be sealed with a silicone oil, or the like. 
The electrically conductive material used for the anode of the organic EL device is suitably 
selected from those materials having a work function of greater than 4 eV. The electrically 

20 conductive material includes carbon, aluminum, vanadium, iron, cobalt, nickel, tungsten, 
silver, gold, platinum, palladium, alloys of these, metal oxides such as tin oxide and indium 
oxide used for ITO substrates or NESA substrates, and organic electroconducting polymers 
such as polythiophene and polypyrrole. 

The electrically conductive material used for the cathode is suitably selected from those 
25 having a work function of smaller than 4 eV. The electrically conductive material includes 
magnesium, calcium, tin, lead, titanium, yttrium, lithium, ruthenium, manganese, aluminum 
and alloys of these, while the electrically conductive material shall not be limited to these. 
Examples of the alloys include magnesium/silver, magnesium/indium and lithium/aluminum, 
while the alloys shall not be limited to these. Each of the anode arKi the cathode may have a 
30 layer structure formed of two layers or more as required. 

For the effective light emission of the organic EL device, at least one of the electrodes is 
desirably sufficiently transparent in the light emission wavelength region of the device. 
Further, the substrate is desirably transparent as well. The transparent electrode is 
produced from the above electrically conductive materia! by a deposition method or a 
35 sputtering method such that a predetermined light transmittance is secured. The electrode 
on the light emission surface side has for instance a light transmittance of at least 1 0%. The 
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substrate is not specially limited so long as it has adequate mechanical and thermal strength 
and has transparency. For example, it is selected from glass substrates and substrates of 
transparent resins such as a polyethylene substrate, a polyethylene terephthalate substrate, 
a potyether sulfone substrate and a polypropylene substrate. 
5 In the organic EL device of the present invention, each layer can be formed by any one of dry 
film forming methods such as a vacuum deposition method, a sputtering method, a plasma 
metbod~and an ion plating method and wet film forming methods such as a spin coating 
method, a dipping method and a flow coating method. The thickness of each layer is not 
speeiaUy limited, while each layer is required to have a proper thickness. When the layer 

10 thickness is too large, inefficiently, a high voltage is required to achieve predetermined 
emission of light. When the layer thickness is too small, the layer is liable to have a pinhole, 
etc., so-that sufficient light emission brightness is hard to obtain when an electric field is 
applied. The thickness of each layer is for example in the range of from about 5 nm to about 
1 0 ^m, for instance about 10 nm to about 0.2 \im. 

15 In the wet film forming method, a material for forming an intended layer is dissolved or 
dispersed in a proper solvent such as ethanol, chloroform, tetrahydrofuran and dioxane, and 
a thin film is formed from the solution or dispersion. The solvent shall not be limited to the 
abovewsolvents. For improving the film formability and preventing the occurrence of pinholes 
in.a!iyJayer, the above solution or dispersion for forming the layer may contain a proper resin 

20 aruj a proper additive. The resin that can be used includes insulating resins such as 
polystyrene, polycarbonate, polyarylate, polyester, potyamide, polyurethane, polysulfone, 
polymethyl methacrylate, polymethyl acrylate and cellulose, copolymers of these, 
photoconductive resins such as poly-N-vinylcarbozole and polysilane, and electroconducting 
polymers such as polythiophene and polypyrrole. The above additive includes an antioxidant, 

25 an i/Rraviolet absorbent and a plasticizer. 

Wh@^ the light-emitting organic material of the present invention is used in a light*emitting 
layer of an organic EL device, an organic EL device can be improved in organic EL device 
characteristics such as light emission efficiency and maximum light emission brightness. 
Fi^&^tfsf . ^ie organic EL device of the present invention is remarkably stable against heat and 

30 el^j i >.jv Oirrent and gives a usable light emission brightness at a low actuation voltage. The 
problematic deterioration of conventional devices can be remarkably decreased. 
The organic EL device of the present invention has significant industrial values since it can 
be adapted for a flat panel display of an on-wall television set, a flat light-emitting device, a 
li ght sou r ce for a copying machine or a printer, a light source for a liquid cr/stal display or 

35 counter, a display signboard and a signal light. 
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The material of the present invention can be used In the fields of an organic EL device, an 
electrophotographic photoreceptor, a photoelectric converter, a solar cell, an Image sensor, 
dye lasers and the like. 

The following Examples illustrate the invention. In the Examples and throughout this 
application, the term light emitting material means the present pyrimidine compounds. 



Examples 
Example 1 (A-1) 




To 1.00 g (2.69 mmol) of educt 1 (prepared according to US-A-3,442.898 from resorclnol and 
4,6-dichloro-2-phenyl-pyrimldlne; J. Org. Chem. 1988. S3, 4137) in 20 ml water free DMF 
3.29 g (21,5 mmol) methyl-bromoacetate and 2.97 g (21.6 mmol) potassium carbonate are 
added. The reaction mixture is stirred at 100 *C under nitrogen for 2 h. The reaction mixture 
is diluted with water. The organic phsise is extracted with dichloromethane und dried with 
magnesium sulfate. The solvent is removed. After chromatography of the caide product on 
silica gel with toluene / ethyl acetate 8/2 the desired product is obtained. Melting point: 178.0 
-179.0 "C. 



Example 2 (A-2) 




educt 2 

To 520 mg (1.16 mmol) of educt 2 (prepared according to US-A-3.442.898 from resorclnol 
and 4,6-dicbloro-2-biphenyl-pyrimidine; EP-A-96657) in 20 ml water free DMF 1.42 g (9.28 
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mmol) methyl-bromoacetate and 1 .28 g (9.28 mmol) potassium carbonate are added. The 
reaction mixture Is stirred at 100 ""C under nitrogen for 2 h. The reaction mixture is diluted 
with water. The organic phase is extracted with dichloromethane und dried with magnesium 
sulfate. The solvent is removed. After chromatography of the crude product on silica gel with 
5 toluene / ethyl acetate 9/1 and later 7/3 the desired product is obtained. Melting point: 1 1 9.5 
-121.5 ^C. 

Example 3 (A-3) 



To 4.31 g (16.1 mmol) of 1,3-bis(4-methoxyphenyl)-2-propen-1-one in 25 ml water free 
ethanoi 1.89 g (8.11 mmol) biphenylbenzamidine hydrochlorid are added. A solution of 1.07 
g (19.08 mmol) potassium hydroxide is added during 15 min. Dry air is bubbled through the 
reaction mixture. The reaction mixture is refluxed for 24 h. The reaction mixture is poured 
15 into water. The solid is filtered off and washed with water. The product is crystallized 2 times 
from acetic acid (96-98 %). Melting point: 168-169 °C. 

Compounds A-4 to A-54 can be obtained in a manner analogous to Examples 1 to 5. 




10 




(A-54; melting point: 162-164 



20 *C) 
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Example 4 (B-1) 




To 5.00 g (16.1 mmol) of 1 ,3-bis-a-naphthy-2-propen-1 -one (1) in 25 ml water free ethanol 
1.89 g (8.1 1 mmol) biphenylbenzamidine hydrochlorid are added. A solution of 1.07 g (19.08 
5 mmol) potassium hydroxide in 25 ml water free ethanol is added during 15 min. Dry air was 
bubbled through the reaction mixture. The reaction mixture is refluxed for 24 h. 
The reaction mixture is poured into water. The solid is filtered off and is washed with water. 
The product is crystallized 2 times from acetic acid (96-98 %). Melting point: 226-230 °C. 

10 Example 5 (B-2) 




To 5.00 g (16.1 mmol) of 1,3-bis-a-naphthy-2-propen-1-one (1) in 25 ml water free ethanol 
1.27 g (8,11 mmol) benzamidine hydrochlorid are added. A solution of 1.07 g (19.08 mmol) 
potassium hydroxide in 25 ml water free ethanol is added during 15 min. Dry air is bubbled 
15 through the reaction mixture. The reaction mixture is refluxed for 24 h. The reaction mixture 
is poured into water. The solid is filtered off and is washed with water. The product is 
crystallized from acetic acid (96-98 %). Melting point: 179-180 ''C. 
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Compounds B-3 to B-23 can be obtained in a manner analogous to Examples 4 and 5. 
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5 Exaraptee (C-1) 




Te-4,50 g (8,74 mmol) of the 2-propen-1-one derivative shown above in 50 ml water free 
ethanol 1.37 g (8.74 mmol) benzamidine hydrochloride are added. A solution of 1.15 g (20.6 
mmoi) potassium hydroxide in 50 ml water free ethanol is added during 15 min. Dry air is 
10 bubbled through the reaction mixture. The reaction mixture is refluxed for 24 h, poured into 
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water and the water phase is extracted with dichloromethane. The organic phase is dried 
with magnesium sulfate, the solvent is removed by distillation and the remaining residue is 
purified by column chromatography (toluene / hexane 2/1 ). 

5 ^H-NMR (300 MHz. CDCI3): 8= 8.75-8,72 (m,4H); 8.45-8.37 (m. 12H); 8.04-7.82 (m, 6H); 
7.67-7,50 (m. 12h). 

Compounds C-2 to C-24 can be obtained in a manner analogous to Example 6. 
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Compounds D-1 to D-23 can be obtained in a manner analogous to Example 6. 
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Compounds E-1 to E-35 can be obtained in a manner analogous to Example 6. 




5 



Cpd. 


Y 


X 


E-1 


11 

n 


1 1 
n 


E-2 


H 


1 1 
H 


E-3 


H 


1 1 
H 


E-4 


H 


1 1 
n 


E-5 


H 


1 1 
H 


E-6 


0CH3 


OCHa 


E-7 


0CH3 




E-8 


OCH3 




E-9 


OCHa 




E-10 


OCn3 




E-11 


OCH3 


H 


E-1 2 


OCH3 


H 


E-1 3 


OCH3 


H 


b-i4 


vJL/rl3 


n 


E-1 5 


0CH3 


H 


E-1 6 


SCH3 


SCHa 


E-1 7 


SCHa 


SCHa 


E-1 8 


SCH3 


SCHa 


E-1 9 


SCH3 


SCHa 


E-20 


SCH3 


SCHa 


E-21 


SCHa 


H 


E-22 


SCHa 


H 


E-23 


SCHa 


H 


E-24 


SCHa 


H 


E-25 


SCHa 


H 


E-26 


N(CHa)p 


N(CHa)2 


E-27 


N(CH3)2 


N(CH3)2 


E-28 


N(CH3)2 


N(CH3)2 


E-29 


N(CH3)2 


N(CH3)2 


E-30 


N(CH3)2 


N(CHa)2 


E-31 


N(CH3)2 


H 


E-32 


NrCH3)2 


H 


E-33 


N{CH3)2 


H 


E-34 


N(CH3)2 


H 


E-35 


N(CHa)2 


H 



wo 2004/039786 




:T/EP2003/011637 



50 



Compounds F*1 to F-35 can be obtained in a manner analogous to Example 6. 
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(G-D 

To 14.6 g (0.100 mol) of tetralone and 15.0 g (1.10 mol) p-methoxy-benzaldehyd in 100 ml 
absolute methanol 660 mg potassium hydroxide are added. The reaction mixture is refluxed 
5 for 1 8 h under argon and then cooled to 25 ^C. The formed product is filtered off and washed 
with methanol. To 6.61 g (25.0 mmol) of said product in 50 ml water free ethanol 1 .96 g (12.5 
mmol) benzamidine hydrochloride are added. A solution of 1 .65 g (25.0 mmol) potassium 
hydroxide in 50 ml water free ethanol is added during 15 min. Dry air is bubbled through the 
reaction mixture. The reaction mixture is refluxed for 24 h and then poured into water. The 
10 water phase is extracted with dichloromethane. The organic phase is dried with magnesium 
sulfate, the solvent is removed by distillation and the remaining residue is purified by column 
chromatography (toluene / hexane 1/1). The product G-1 having a melting point of 169 '^C is 
obtained. 

15 Example 8 (H-1) 




Br Br 



a) 24.9 g (0.134 mol) 4-bromo-ben2aldehyde and 26.8 g 4-bromo-acetophenone (0.134 mol) 
20 are dissolved under argon in 120 ml methanol. To this solution 0.270 g sodium hydroxide are 
added. The reaction mixture is stirred for 5 h. The fonmed yellow product is filtered off and is 
washed with water and then methanol. The product is dried in a vacuum oven (yield: 44,2 g 
(90 %), melting point: 183-184 ''C). 




b) To 5.00 g (13.7 mmol) of 1,3-bis-(4-bromophenyl)-2-propen-1-one (1) in 25 ml water free 
ethanoi~1.61 g (6.83 mmol) 4-bromo-benzamidine hydrochloride are added under argon. A 
solution of 0.90 g (16.1 mmol) potassium hydroxide in 25 ml water free ethanol is added 
5 during- IS min. Dry air is bubbled through the reaction mixture. The reaction mixture is 
4=eflv»ced-for 24 h and then poured into water. The product is filtered off, washed with ethanol 
and dried in a vacuum oven (melting point: 321 - 322 ''C). 




10 c) To 1 .00 g (1 .83 mmol) of tris-2.4,6-(4-bromo-phenyl)-pyrimidine and 1 .27 g ( 6.42 mmol) of 
4-biphenylboronic acid in 20 ml toluene 5.27 g (16.19 mmol) CsCOa in 3 ml water are added 
under argon. Approximately 10 mg of the Pd catalyst (WO 99/47474) are added and then the 
reason mixture is refluxed for 5 h. The product is filtered off, washed with water and 
acetone. The product is dissolved in dichloromethane and filtered on silica gel. The solvent is 

t5 remcved in vacuum. The obtained product has a melting point of 364 - 367 ^C. 



Exaraple9(H-2) 
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a) The product (melting point: 204 - 205 X) is prepared according to the procedure given in 
example 8b). 




b) The product (melting point: 343-345 "C) is prepared according to the procedure given in 
5 example 8c). 



Example 10 (H-3) 




Br 



a) The product (melting point:_2G7— .2^ »C) is prepared accerding to the procedure given in 
10 example 8b). 




b) The product (melting point: 364 - 367 »C) is prepared according to the procedure given In 
example 8c). 

15 

Example 11 (H-4) 




a) The product (melting point: 145-146 ^'C) is prepared according to the procedure given in 
example 8b) (yield: 86 %). 




KOH 



H,N^NH CIH 2.EthoxyBthanol 




b) The product (melting point: 160 ^C) is prepared according to the procedure given in 
example 8b) (yield: 72 %). 



— o 




<c- 



Pd, 



PIPr, 



CSjCOj 



Toluol 



HO'^'OH 



Br 




c) The product (melting point: 213-214 "C) is prepared according to the procedure given in 
example 8c) (yield: 53 %). 



Example 12 (H-5) 






NaOH 
MeOH 



a) The product (melting point: 122-123 "C) is prepared according to the procedure given in 
example,8b) (yield: 91 %). 



wo 2004/039786 



55 



'CT/EP2003/011637 




b) The product (melting point: 152-153 °C) is prepared according to the procedure given in 
example 8b) (yield: 54 %). 




c) The product (melting point: 220-221 "C) is prepared according to the procedure given in 
example 8c) (yield: 80 %). 



Example 13 (H-6) 




b) The product (melting point: 333-334 "C) is prepared according to the procedure given in 
example 8c) (yield: 75 %). 
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b) The product (melting point: 329-331 '^C) is prepared according to the procedure given in 
exar?sp»e=Sc) (yield: 61 %). 



Example 15 




To 264 mg (1 .0 mmol) of the pyrimidine (see scheme above) in 20 ml chloroform 454 mg (2.0 
mrf^ii 30Q are added. The reaction mixture is refluxed for 1 day. Additional 908 mg (4.0 
mmoi; or DDQ are added and the reaction mixture Is refluxed for additional 2 days. The 
reaction mixture is filtered on silica gel with dichloromethane. A column chromatography on 
silica gel with toluene gives the desired product in 61 % yield (mp. 163 -165 **C). 
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Example 16(J-1) 




a) 10.0 g (57.2 mol) 3,4-dimethoxy-benzaldehyde and 10.3 g (57.2 mol) 3,4-dimethoxy- 
acetophenone are dissolved under argon in 50 ml methanol. To this solution 0.34 g sodium 
hydroxide are added. The reaction mixture is stinred for 22 h at 40 °C. The reaction mixture is 
cooled to 0 "C and the precipitated product is filtered off. The product is dried in >»cuum 
(yield: 1 8.2 g (97 %), melting point: 1 08 - 1 1 0 "C). 




b) To 7.00 g (21 .3 mmol) of 1 ,3-bis-(3,4-dimethoxy-phenyl)-2-propen-1 -one (1 ) In 40 ml water 
free ethanol 1.67 g (10.7 mmol) benzamidine hydrochloride are added under argon. A 
solution of 1.41 g (25.1 mmol) potassium hydroxide (85%) in 40 ml water free ethanol is 
added during 20 min. Dry air is bubbled^rough the reaction mixture. The reaction mixture is 
refluxed for 48 h and then poured Into water. The product Is filtered off and washed with 
ethanol. A column chromatography on silica gei wifn toluene gives the desired product J-1 
(melting point: 1 57 - 1 58 "C). 



Example 17 (J-2) 




a) 10.0 g (57.2 mol) 2,4-dimethoxy-ben2aldehyde and 10.3 g 2,4-dimethoxy-acetophenone 
(57.2 mol) are dissolved under argon in 50 ml methanol. To this solution 0.34 g sodium 
hydroxide are added. The reaction mixture is stirred for 48 h at 40 "C. The reaction mixture is 
diluted with water and the precipitated product is filtered off. The product is washed with 
water and dried in vacuum (melting point: 1 27 - 1 29 "C). 




— o 



b) To-e.60 g (20.1 mmol) of 1,3-bls-(2,4-dimethoxy-phenyl)-2-propen-1-one (1) In 40 ml water 
free ethanol 2.34 g (10.1 mmol) biphnenyl-benzamldlne hydrochloride are added under 
argecA sohrtfon of 1.41 g (25.1 mmol) potassium hydroxide (85%) in 40 ml water free 
ethanol is added during 15 min. Dry air Is bubbled through the reaction mixture. The reaction 
mixture is refluxed for 48 h and then poured into water. The water phase is extracted with 
d i nhlofometh ane. The organic phase is dried with MgS04 and the solvent is removed in 
vacuum. A column chromatography on silica gel with toluene/hexane 3/2 give the desired 
product J-2 (melting point: 165-167 "C). 



Example 18 (J-4) 




To 5.50 g (15.2 mmol) of 1 .3-bis-(2,4-dimethoxy-phenyl)-2-propen-1 -one (1) in 30 ml water 
free ethanol 0.87 g (9.14 mmol) guanidine hydrochloride are added under argon, A solution 
of 1.21 g (21.5 mmol) potassium hydroxide (85%) in 30 ml water free ethanol is added during 
15 min. Dry air is bubbled through the reaction mixture. The reaction mixture is refluxed for 
48 h »id then poured into water. The water phase is extracted with dlchloromethane. The 
organic phase is dried with MgS04 and the solvent is removed in vacuum. A column 
chromatography on silica gel with dichloromethane/ethyl acetate 2/1 gives the desired 
pro^i^ ;>=fieiting point: 21 1 -21 3 "C). 

Example 19 (J-5) 



o 
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a) To a suspension of 0.69 g sodium hydride in 25 ml terahydrofurane (THF) 5.38 g (27.4 
mmol) 4.acetyl-biphenyl are added at 0 *'C under argon. After 1 h 5.00 g (27.4 mmol) 4- 
bihenylcarbadehyde In 25 ml THF are added. The reaction mixture is stirred for 19 h at 25 
"^C. The formed precipitate is filtered off and washed with THF. The product Is refluxed for 1 h 
In 100 ml Iso-propanol and 30 ml water. The product Is filtered off and dried in vacuum. 




b) The desired product J-5 (melting point: 245 - 246'*C) is prepared according to the 
procedure given in example 17b). 



Example 20 (J-6) 




The product J-6 (melting point: 243 - 246*^0) Is prepared according to the procedure given in 
example 17b). 




a) 18.3 g (0.100 mol) 2,4-dimethoxy-ben2aldehyde and 12.1 g-(0.100 mol) 3-acethyl pyridine 
are dissolved under argon In 1 00-ml nnethanol. To this solution 0.66 g sodium hydroxide are 
added. The reaction mixture is refluxed for 18 h. The reaction mixture is poured into water 
and extracted with dichloromethane. The organic phase is dried with MgS04 and the solvent 
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is removed in vacuum. A column chromatography on silica gel with toluene/ethyl acetate 2/1 
give the desired product (yield: 7.3 g (27 %)). 




N + HN-^NHa 
H-CI 




b) The product J-7 (melting point: 136 **C) is prepared according to the procedure given in 
example 1 7b). 



Exannpie22(K-1) 




a) To 10.0 g (27.3 mmol) of 1,3-bis-(4-bromophenyl)-2-propen-1-one in 70 ml ethanol 2.14 g 
(13.7 mmol) benzamidine hydrochloride are added under argon. A solution of 1.80 g (32.1 
mmol) potassium hydroxide (85%) in 50 ml ethanol is added during 15 min. Dry air is bubbled 
through the reaction mixture. The reaction mixture is refluxed for 24 h and then is poured into 
water. The product is filtered off, washed with water and 10 % tartaric acid, crystallized from 
glacial acetic acid and washed with ethanol (yield: 9.2 g (58 %); melting point: 203 -205 °C). 




b) To 4.45 g (9.55 mmol) 4,6-tris-(p-bromophenyl)-2-phenyl-pyrimidine in 200 ml toluene 2.99 
g (19.1 mmol) 4-chloro-phenylboronic acid are added. The suspension is refluxed under 
argon. Argon is passed through the reaction mixture. 9.33 g (28.6 mmol) of caesium 
carbonate in 6 m! water are added dropwise to the reaction mixture. Then 0.40 g of the 
catalyst are added. The reaction mixture is refluxed for 16 h and then the solids are filtered 
off. The solvent is removed in vacuum. The residue is dissolved in dichloromethane and is 
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washed with water. The organic phase is dried with magnesium sulfate. The solvent is 
removed in vacuum. The product is crystallized from 100 ml ethanol (yield: 99 %; melting 
point: 258- 259 "C). 




5 c) To 1.00 g (1.89 mmol) 4,6-bis-(p-bromophenyl)-2-phenyl-pyrimidine in 45 ml toluene 287 
mg (1.89 mmol) 4-metoxy-biphenylboronic acid are added. Argon is passed through the 
reaction mixture. 1.23 g (3.78 mmol) of caesium carbonate in 6 ml water is added dropwise 
to the reaction mixture. Then 20 mg of the catalyst is added. The reaction mixture is refluxed 
for 18 h. Additional 4-methoxy-biphenylboronlc acid and caesium carbonate is added in a 1 
10 to 1 molar ratio until the reaction is complete. The product is filtered off and is washed with 
ethanol, water and again ethanol. The product is dissolved in boiling DMF. filtered on super 
gel (Fluka 56678, CAS [91053-39-3]) and crystallized (yield: 0.90 g (71 %); melting point: 
345-348 "C). 

15 In a manner analogous to Example 22 Compounds K-2 to K-1 5 are obtained. 




Cpd. 



Ar 




mp. 347 "C 
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K-13 


6^ 


K-14 




K-15 


mp: 328-330 "C 


K-16 


■■o 



Example 23 (L-1) 





KOH 



HJM^^NH QH 



EtOH 




a) The product is prepared according to the procedure given in example 22a). 




HO'^^OH 




Br CI' 

b) The product is prepared according to the procedure given in example 22b). 




c)The=product is prepared according to the procedure given in example 22c). 
In a-manner analogous to Example 23 Compounds L-2 to L-15 are obtained. 
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1 4 C 

L-15 




L-16'> 


mp.: 354 °C 



' A 100 nm thin film of Compound H6 showed good film quality and strong 
photoluminescence at 430 nm (X^ax). 



Example 24 (M-1) 




a) The product is prepared according to the procedure given in example 22b). 




b) The product is prepared according to the procedure given in example 22c). 



In a manner analogous to Example 24 Compounds M-2 to M-1 5 are obtained. 




ICT/EP2003/011637 



Cpd. 


Ar 


M-1 


6 

1 
1 
1 


M-2 


CO 

• 

mp.: 376-378 


M-3 


^^^^^^ 


M-4 


' mp.: 243-250 'C 


M-5 




M-6 






1.0 g (1.83 mmol) 2,4,6-tris-(p-bromophenyl)-pyrimidine, 1.49 g (8.26 mmol) 1,1- 
diphenylethylen, 40 mg Palladlum-(ll)-acetate, 150 mg (1.47 mmol) dimethylgjycine, 1.39 g 
5 (1 6.5 mmol) sodium hydrogen carbonate and 70 mg (0.46 mmol) FeCb are dissolved in 8 ml 
N-methyl-pyrrolidone. The reaction mixture is heated for 48 h at 150 °C. The reaction mixture 
is poured into water and 20 % hydrochloric acid is added. The water phase is extracted with 
dichloromethane. The organic phase is dried with magnesium sulfate. The solvent is distilled 
off. A column chromatography (silica gel, toluene/hexane 1/3) result In the desired product 
10 (119.5-1 20.5 "C). 



Example 26 




The product is synthesized as described in Example 31 of CH-A-542212. 

15 

Application Example 1 

Present compounds A1 , A2. A3, B1 , B2. CI , G1 and HI as light emitting materials. 
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respectively. 2.5-bis(1.naphthyl).1.3.4-oxadlazole and a polycarbonate resin in a weight ratio 
of 5:3:2 are dissolved in tetrahydrofuran. and the solution is spin-coated on a cleaned glass 
substrate with an ITO electrode to form a light-emitting layer having a thickness of 100 nm. 
An electrode having a thickness of 150 nm is fomried thereon from a magnesium/indium alloy 
having a magnesium/indium mixing ratio of 10^1 . to obtain an organic EL device. The device 
exhibits light emission with excellent brightness and efficiency at a direct current voltage of 5 
V. 



Application Example 2 

10 Compounds A1 . A2. A3. B1 . B2. CI . G1 and HI . respectively, are vacuum-deposited on a 
cleaned-gtess substrate with an ITO electrode to fomi a light-emitting layer having a 
thickness of 1 00 nm. An electrode having a thickness of 100 nm is formed thereon from a 
magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1, to obtain an organic 
EL device. The light-emitting layer is fomned by deposition under a vacuum of 10" Torr at a 

1 5 substrate temperature of room temperature. The device shows emission having an excellent 
brightness and efficiency at a direct current voltage of 5 V. 

A ppMcatio n Example 3 

Compounds A1 . A2, A3. B1 . 82. CI . G1 and H1 , respectively, are dissolved in methylene 
chloride tetrahydrofuran. and the solution is spin-coated on a cleaned glass substrate with an 
ITO electrode to fonn a light-emitting layer having a thickness of 50 nm. Then, aluminum 
bis(2-methyl-8-quinolinate)(2-naphtolate) is vacuum-deposited to form an electron-injecting 
layer having a thickness of 10 nm. and an electrode having a thickness of 100 nm is formed 
thereon from a magnesium/aluminum alloy having a magnesium/aluminum mixing ratio of 
10/1, to obtain an organic EL device. The light-emitting layer and the electron-injecting layer 
are formed by deposition under a vacuum of 10^ Torr at a substrate temperature of room 
tempE^re. The device shows an emission having an excellent brightness and efficiency at 
a direct current voltage of 5 V. 



A pffS m mcn Example 4 

Compounds A1, A2. A3. 81 . 82. CI . G1 and HI . respectively, are vacuum-deposited on a 
cleaned glass substrate with an ITO electrode to form a light-emitting layer having a 
thickness of 50 nm. Then, aluminum tris(8-hydroxyquinolinate) is vacuum-deposited to form 
an-eleetren-iniecting layer having a thickness of 10 nm and an electrode having^a thickness 
of 100 nm Is fonned thereon from an aluminum/lithium alloy having an aluminum/lithium 
mixing ratio of 50/1. to obtain an organic EL device. A hole-injecting layer and the light- 



wo 2004/039786 




ICT/EP2003/011637 



71 



emitting layer are formed by deposition under a vacuum of 10® Torr at a substrate 
temperature of room temperature. The device shows a light emission having an excellent 
brightness and efficiency at a direct current voltage of 5 V. 

Application Example 5 

One of hole-injecting materials (H-1) to (H-6) is vacuum-deposited on a cleaned glass 
substrate with an ITO electrode, to form a hole-injecting layer having a thickness of 30 nm. 
Then, one of light-emitting materials A1 , A2, A3, B1 . B2, C1 . G1 and HI . respectively is 
vacuum-deposited to form a light-emitting layer having a thickness of 30 rvn. Further, one of 
electron-injecting materials (E-1) to (E-6) is vacuum-deposited tofonn an electron-injecting 
layer having a thickness of 30 nm. An electrode having a thickness of 150 nm is formed 
thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1, to 
obtain an organic EL device. Each layer is fonned under a vacuum of 1 0® Ton- at a substrate 
temperature of room temperature. All the organic EL devices obtained in these Examples 
shows high brightness euid efficiency. 




5 




Application Example 6 

On a cleaned glass substrate with an ITO electrode, 4,4',4"-tris(N-(3-methylphenyl)-N- 
phenylamino)trlphenylamlne Is vacuum-deposited to form a first hole-Injecting layer having a 

1 0 thickness of 25 nm. Further, a hole-injecting material (H-1 ) is vacuum-deposited to form a 
second hole-injecting layer having a thickness of 5 nm. Then, compounds A1, A2, A3, B1, 
B2, CI , G1 and H1 , respectively, as light-emitting materials are vacuum-deposited to form a 
light-emitting layer having a thickness of 20 nm. Further, an electron-injecting material (E-1) 
is vacuum-deposited to form an electron-injecting layer having a thickness of 30 nm. Then, 

5 an e l ectrod e having a thickness of 1 50 nm is formed thereon from a magnesium/silver altoy 
havings magnesium/silver ntiixing ratio of 1 0/1 , to obtain an organte EL devtee. The device 
shows emission having an outstanding brightness and efficiency at a direct current voltage of 
5V. 
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Application Example 7 

On a cleaned glass substrate with an ITO electrode, 4,4\4"-trls(N-(1-naphthyl)-N- 
phenylamino)tripheny!amine is vacuum-deposited to form a first hole-injecting layer having a 
5 thickness of 25 nm. Further, a hole-injecting material (H-2) is vacuum-deposited to form a 
second hoie-injecting layer having a thickness of 5 nm. Then, compounds A1 , A2, A3, B1 , 
B2, CI, G1 and HI, respectively, as light-emitting materials are vacuum-deposited to form a 
light-emitting layer having a thickness of 20 nm. Further, an electron-injecting material (E-5) 
is vacuum-deposited to form an electron-injecting layer having a thickness of 30 nm. Then, 
10 an electrode having a thickness of 150 nm is formed thereon from a magnesium/silver alloy 
having an magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The device 
shows an emission having a outstanding brightness and efficiency at a direct current voltage 
of5V. 



wo 2004/039786 




'CT/EP2003/011637 



AppHcation Example 8 

A hole-injecting material (H-5) is vacuum-deposited on a cleaned glass substrate with an ITO 
electrode to fomn a hole-injecting layer having a thickness of 20 nm. Then, compounds A1. 
5 A2, A3, B1 , B2, CI , G1 and H1 , respectively, as light-emitting materials are vacuum- 
deposited to fomi a light-emitting layer having a thickness of 20 nm. Further, an electron- 
injecting material (E-2) is vacuum-deposited to fomi a first electron-injecting layer having a 
thickness of 20 nm. Then, an electron-injecting material (E-5) is vacuum-deposited to forni a 
second electron-injecting layer having a thickness of 10 nm, and an electrode having a 
10 thickness of 150 nm is formed thereon from a magnesium/silver alloy having an 

magnesium/silver mixing ratio of 10/1 . to obtain an organic EL device. The device shows 
light emission having an excellent brightness and efficiency at a direct current voltage of 5 V. 

Ap p li ca tio n Example 9 

15 An organic EL device is prepared in the same manner as in Example 5 except that the llght- 
emiiiing layer is replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing 
compounds A1 , A2, A3. B1 , 82, CI , G1 and H1 , respectively, and one of the dopant 
compounds (D-1) to (D-7) in a weight ratio of 100:1 . All the organic EL devices obtained in 
these Examples shows high brightness characteristics and gives intended light emission 

20 colors. 
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Application Example 10 

An organic EL device is prepared in tlie same manner as in Example 5 except that the light- 
emitting layer is replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing 
compounds A1 , A2, A3, B1 , B2. CI , G1 and H1 , respectively and one of Compounds (D-1) to 
(D-7) in a weight ratio of 100:1 . All the organic EL devices obtained in these Examples shows 
high brightness characteristics, or a maximum brightness and gives intended light emission 
colors. 

Application Example 11 

A hole-injecting material (H-2) is vacuum-deposited on a cleaned glass substrate with an ITO 
electrode to forni a hole-injecting layer having a thicl<ness of 30 nm. Then, 4.4'-bis(a.a- 
diphenylvinyl)biphenyl and a light-emitting material selected from compounds A1 , A2, A3, B1 , 
82, CI, G1 and H1 for a light-emitting layer are vacuum-deposited in a weight ratio of 100:5 
to form a light-emitting layer having a thickness of 30 nm. Further, an electron-injecting 
material (E-3) is vacuum-deposited to form an electron-injecting layer having a thickness of 
30 nm. Then, an electrode having a thickness of 150 nm is fomied thereon from a 
magnesium/silver alloy having an magnesium/silver mixing ratio of 10/1. to obtain an organic 
EL device. The device shows an emission having an outstanding brightness and efficiency 
at a direct current voltage of 5 V. 
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Application Example 12 

An organic EL device is prepared in the same manner as in Example 1 1 except that the light- 
emitting layer is replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing 
5 aluminum tris(8-hydroxyquinolinate) and one of the light-emitting materials A1 , A2, A3, Bl , 
B2, C1. G1 and H1 in a weight ratio of 100:3. All the organic EL devices obtained in these 
Examples shows high brightness characteristics at a direct current of 5 V. 

The organic EL devices obtained in the Application Examples of the present invention show 

10 an excellent light emission brightness and achieved a high light emission efficiency. When 
the^uiyafiic EL devices obtained in the above Examples are allowed to continuously emit light 
at 3 (mA/cm^), all the organic EL devices remain stable. Since the light-emitting materials of 
the-present invention have a very high fluorescence quantum efficiency, the organic EL 
devices-using the light-emitting materials achieved light emission with a high brightness in a 

15 low electric current applied region, and when the light-emitting layer additionally uses a 

dopiog-maierial. the organic EL devices are improved in maximum light emission brightness 
and maximum light emission efficiency. Further, by adding a doping material having a 
diffBf«!l fluorescent color to the light-emitting material of the present invention, there are 
obtained light-emitting devices having a different light emission color. The organic EL devices 

20 of the present invention accomplish improvements in light emission efficiency and light 

emission brightness and a longer device life, and does not impose any limitations on a light- 
emitting material, a dopant, a hole-injecting material, an electron-injecting material, a 
sensitizer, a resin and an electrode material used in combination and the method of 
producing the device. The organic EL device using the material of the present invention as a 

25 light-emitting material achieves light emission having a high brightness with a high light 

emission efficiency and a longer life as compared with conventional devices. According to the 
light^^Tiitting material of the present invention and the organic EL device of the present 
invention, there can be achieved an organic EL device having a high brightness, a high light 
emission efficiency and a long life. 
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